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INTRODUCTION 
No unanimity exists concerning the ideal treatment of the torn anterior cruciate ligament in 
both the acute and chronic setting. It is still one of the most controversial topics in general 
orthopedic practice today. The operative approaches include repair only, repair with 
augmentation, reconstruction with autogenous materials with or without augmentation, till the 
use of allografts and prosthetic devices. 
Several experimental mechanical and histological studies have been performed in which 
anterior cruciate ligament defects were created and reconstructed with different autogenous 
transplants, with or without augmentation (O'Donoghue et al., 1966, 1971; Clancy et al., 
1971; MePherson et al., 1984; Rehm and Schultheis, 1985; Yoshiya et al., 1986; van Rens et 
al., 1986; Amiel et al., 1986; Muneta et al., 1991; McCarthy et al., 1991). The ultimate 
strength of the anterior cruciate reconstructions varied between 40 and 50% of the original 
anterior cruciate ligament strength, after one year (O'Donoghue et al., 1966, 1971; Clancy et 
al., 1981; MePherson et al., 1984; van Rens et al., 1986). From these studies it has not 
become clear what really happens to the transplant. To overcome the initial period of 
weakness of the autogenous transplant, numerous augmentation devices have been 
developed, in favour of a more aggressive rehabilitation of the patient and an ultimately 
stronger ligament. The majority of these devices were made of non-resorbable synthetic 
materials. 
The ideal augmentation device should have adequate mechanical strength during the initial 
post-operative period of necrosis and the first stage of transplant remodelling. It should be 
histo-compatible, allow fibroblast ingrowth, followed by recollagenation, and should be 
biodegradable. 
The Polydioxanone (PDS)-braid is a 100% biodegradable material which has been advised as 
a temporary augmentation (Rehm and Schultheis, 1985). 
In an experimental goal-model this augmentation method was investigated by following the 
development of the reconstructed anterior cruciate ligament with and without augmentation 
over a period of 48 weeks. The following questions are discussed in this thesis: 
- How is the histological development of both augmented and non-augmented transplants in 
time? 
- How is the development of the structural properties of both transplants in time? 
- What are the differences and similarities between both transplants in time? 
- Do the histological findings synchronize with the structural properties of the newly formed 
ligament? 
- What does the outcome of this study mean for the clinical situation, and what 
recommendations can be given? 
Chapter I of this thesis deals with the anatomy, injury and pathology of the anterior cruciate 
ligament. In Chapter II clinical experience with anterior cruciate ligament reconstructions and 
in Chapter III experimental studies are discussed. Chapter IV deals with the experiments and 
the histological and mechanical techniques used for evaluation. In Chapter V the histological 
results are described and in Chapter VI the mechanical results, followed by a general 
discussion in Chapter VII. 

CHAPTER I 
THE ANTERIOR CRUCIATE LIGAMENT 
1.1 Embryology 
The development of the knee joint can first be observed at approximately 4 weeks. It begins 
as a concentration of mesenchyme, the so-called "precartilage stale" (Ellison and Berg, 1985). 
Progress is extremely rapid, and by 6 weeks a very obvious knee joint is discernible. The 
anterior cruciate ligament itself appears as a condensation in the blastoma at about 7 weeks. It 
begins as a ventral ligament and gradually invaginates with the formation of the intercondylar 
space. It appears well before joint cavitation and remains always extra-synovial. From its 
earliest appearance, the anterior cruciate ligament is recognizable and changes very little to 
achieve its final form (Müller, 1983; Ellison and Berg, 1985). 
1.2 Anatomy of the anterior cruciate ligament 
1.2.1 Gross anatomy 
The cruciate ligaments are surrounded by a mesentery-like fold of synovium that originates 
from the posterior intercondylar area of the knee and completely envelopes the ligaments. The 
cruciate ligaments are entirely intra-articular, but they are also extra-synovial within their sy-
novial envelope. In its adult form, the anterior cruciate ligament averages about 3.5 cm (± 1 cm.) 
in length and 1.1 cm (±0.1 cm) in width (Girgis et al., 1975). 
The anterior cruciate ligament is attached to the posterior part of the intercondylar surface of 
the lateral femoral condyle. Its femoral attachment is in the form of a segment of a circle; 
anteriorly it is relatively straight and posteriorly obliquely convex (Girgis et al., 1975). On 
the tibial side, the anterior cruciate ligament is attached to a fossa in front of and lateral to the 
anterior spine. 
The ligament inserts over a wider area, and passes beneath the transverse meniscal ligament. 
The tibial insertion of the anterior cruciate ligament is both larger and stronger than its 
femoral origin. The tibial insertion is fanned out over a surface area of up to 3 cm2 compared 
to the femoral attachment of 2 cm2. 
The anterior cruciate ligament is attached to the femur and tibia as a collection of individual 
fascicles which fan out over a broad flattened area (Amoczky, 1983; Norwood et al., 1979) 
and is composed of two discrete ligamentous fascicles, the anteromedial and posterolateral 
bundles (Girgis et al., 1975). 
The anteromedial bundle originates at the proximal aspect of the femoral attachment and 
inserts anteromedial near the base of the anterior tibial spine. The posterolateral bundle 
inserts at the posterolateral aspect of the tibial attachment. 
1.2.2 Microanatomy 
The anterior cruciate ligament is made up of multiple fascicles, the basic unit of which is 
collagen (Danylchuk, 1978). Three to twenty subfasciculi bound together form a fasciculus, 
which may be 250цт to several millimeters in diameter. These are surrounded by an 
epitenon. This interfascicular connective tissue also supports the neurovascular elements of 
the ligament (Danylchuk, 1978). The fascicles together form the ligament, which is 
surrounded by a connective tissue, the paratenon. The anterior cruciate ligament is inserted 
into femur and tibia by means of Sharpey's fibers. At the insertion of the anterior cruciate 
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ligament the fibroblasts between the fiber bundles are somewhat different from the ordinary 
fibroblasts. 
They are able to produce cartilage or bone. The transitional zone consists of fibrocartilage 
and mineralized fibrocartilage. This zone may also impose a barrier to endosteal vessels 
entering the ligament. 
1.2.3 Vascular anatomy 
The vascular supply of the anterior cruciate ligament is derived from the ligamentous 
branches of the middle genicular artery as well as some terminal branches of the inferior 
genicular arteries (Amoczky, 1983, 1985). The synovial membrane which forms an envelope 
about the ligament, is richly endowed with vessels. 
A few smaller terminal branches of the lateral and medial inferior genicular arteries also 
contribute to this synovial plexus through its connection with the infrapatellar fat pad. The 
synovial vessels form a web-like network of periligamentous vessels that ensheath the entire 
ligament (Arnoczky, 1985). These periligamentous vessels pass into smaller connecting 
branches which penetrate the ligament transversely and anastomose with a network of 
endoligamentous vessels, which are oriented in a longitudinal direction and lie parallel to the 
collagen bundles. The ligamentous-osseous junction of the cruciate ligaments does not 
contribute significantly to the vascular scheme of the ligaments themselves (Arnoczky, 1985). 
1.2.4 Nerve supply 
The anterior cruciate ligament receives nerve fibers from the posterior articular branches of 
the posterior tibial nerve (Kennedy et al., 1982). The fibers accompany the synovial and 
periligamentous vessels. Most fibers are associated with the endoligamentous vasculature and 
appear to have a vasomotor function. Golgi-like tension receptors have been identified near 
the origin of the ligament as well as at the surface of the ligament beneath the synovial 
membrane. These mechanoreceptors arc suggestive of some type of proprioceptive function 
(Kennedy et al., 1982; Schultz et al., 1984). 
1.3 The kinematic role of the anterior cruciate ligament 
The anterior cruciate ligament is thought to be composed of an anteromedial and a 
posterolateral bundle (Girgis et al., 1975; Van Dijk, 1983; Ellison and Berg, 1985). The 
anteromedial bundle is tensed in both extension and flexion. The posterolateral bundle, which 
is of greater bulk and length, tends to relax in flexion and comes under progressively 
increasing tension as the knee is extended. The anteromedial and posterolateral bundles of 
this single ligament provide stability throughout the entire arc of knee joint motion. The 
anterior cruciate ligament function cannot be isolated from its synergies with bony 
topography, meniscal anatomy, muscular dynamism, and the static contribution of the 
capsular and other ligamentous structures (Ellison and Berg, 1985). The basic mechanism of 
movement between femur and tibia is a combination of rolling and gliding. The cruciate 
ligaments, the keys to knee joint kinematics, are subject to the crossed four-bar linkage 
principle (Müller, 1983). The crossed bars correspond to the course of the cruciate ligaments, 
the fixed limb is represented by their bony femoral origin in the intercondylar notch. This 
model is only valid for motion in a sagittal plane. Rolling occurs predominantly in the early 
degrees in flexion, gliding motion prevails in the higher degrees of flexion. In the horizontal 
plane a different type of motion exists, namely the internal femoral condylar rotation with 
terminal knee extension, commonly known as the "screw home" mechanism (Kennedy, 1974; 
Müller, 1983). This "screw home" mechanism is probably due to the function of active 
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stabilisers in combination with geometric and ligamentous constraints, but is not a property of 
the passive knee structure only (Blankevoort et al., 1988). 
The five principal functions of the anterior cruciate ligament are firstly resisting anterior 
tibial translation relative to the femur and secondly preventing hyperextension of the knee. 
Thirdly, it provides a check to internal axial rotation and thereby affords rotatory knee 
control. Fourthly, it is a secondary restraint to both valgus and varus in all degrees of flexion, 
and finally it fine-tunes the precision of the screw home motion as the knee approaches 
terminal extension (Ellison and Berg, 1985). 
1.4 The strength of the anterior cruciate ligament 
Several biomechanical studies have been performed to define the mechanical properties of 
the anterior cruciate ligament. In these studies, the values for human specimens with regard to 
ultimate tensile strength, stiffness and strain energy to failure vary strongly. There is a 
difference in failure mode in specimens derived from young adult humans and older humans 
(Noyes and Grood, 1976). The difference in failure mode correlates with histological obser-
vations of decreased bone mass at the site of ligament attachment in specimens from older 
humans. Significant reduction in strength and stiffness properties of ligament units are shown 
to occur with advancing age to a greater degree than expected (Noyes and Grood, 1976). 
Studies have been performed with bone-ligament-bone specimens (Noyes and Grood, 1976) 
and ligament specimens alone (Kennedy ci al., 1976). If slow strain rates are used in bone-
ligament-bone specimens or if there is disuse atrophy (immobilization, age specific diseases), 
the failure mode of the anterior cruciate ligament will be by avulsion of its bone insertion, 
conlrarily to intcrligamentary (Noyes and Grood, 1976; Kennedy et al., 1976). Noyes and 
Grood (1976) reported a mean ultimate tensile strength of 1730 N for specimens from 
younger humans (16-26 yrs) and 734 N for specimens from older humans (48-86 yrs). 
Kennedy et al. (1976) reported an ultimate tensile strength of 482 N for isolated specimens 
from humans with a mean age of sixty-two years at a lower loading rate, and 638 N at a 
higher loading rate. However, the values of ultimate tensile strength and stiffness of bone-
ligament-bone specimens (Noyes and Grood, 1976) are significantly higher than the values 
for the isolated ligament (Kennedy et al., 1976) (Appendix, table 1). 
1.5 Injury and pathology of the anterior cruciate ligament 
1.5.1 Epidemiology of anterior cruciate ligament injuries 
The frequency of anterior cruciate ligament injury is not known as yet. Injury of the anterior 
cruciate ligament occurs in sports, traffic accidents and accidents during work or daily life. 
Injuries of the ligaments of the knee have been well documented in the past (Hey Groves, 
1920; Palmer, 1938). Popularization of competitive sports and interest in general fitness have 
increased the incidence of injuries of the anterior cruciate ligament. In American football, 
100.000 to 130.000 knee injuries occur during each football season, and between 30.000 and 
50.000 require surgery (Torg et al., 1974). Injury of the anterior cruciate ligament is no longer 
an exclusive problem of the young sportsman, but it is now seen in a variety of ages, from the 
pre-adolescent to the sexagenarian and in different types and levels of sports, contact or non-
contact. In 1988 James G. Gamick denotes: "We are a considerable distance from specifically 
preventing anterior cruciate ligament injuries. Not only are we failing to indenlify all who 
have sustained the injury, but also the diversity of description of the mechanism of injury 
suggests that we know little about exactly how the injury occurs". 
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1.5.2 History of injury 
The description of the mechanism of knee injury by the patient is of great importance. The 
patient has to tell his own story (O'Donoghue, 1973). A popping sensation in the knee at the 
time of injury suggests damage to the anterior cruciate ligament. This popping sensation has 
been reported in 65% of patients with a diagnosis of chronic instability due to the anterior 
cruciate ligament (Noyes et al., 1983) and in 34% of patients with surgically documented 
injuries to the anterior cruciate ligament (Fetlo and Marchall, 1980). Other important factors 
are whether or not the injury occurred due to external contact, slow or high speed activity, the 
angle of knee flexion during injury, the direction of the force (varus, valgus, anterior, 
posterior, flexion or extension) and the presence of vertical load across the joint. Noyes et al. 
(1983) found in their study that 69% of the knees with an anterior cruciate ligament tear had a 
non-contact mechanism of injury. Pain remains a helpful indicator of injury, but its absence 
should not be construed as proof that only minor injury is present. 
Noyes et al. (1983) found that 33% of the patients with a disruption of the anterior cruciate 
ligament had no to slight pain at the time of injury. However, twenty-four hours after the 
injury most complained of rather marked pain and limitation of joint motion. Swelling which 
develops within twenty-four hours after injury indicates hemarihrosis. A study by DcHavcn 
(1980) has shown a 90% incidence of lesions of surgical significance and a 72% incidence of 
anterior cruciate ligament tears in patients with hemarthrosis. In chronic anterior cruciate 
ligament injuries many patients will have frequent "giving-way" episodes (Noyes et al., 
1981). The degree of this instability is affected by the competence of the secondary 
restraining ligamentous capsular structures. 
1.5.3. Physical examination 
Examination of the knee begins with inspection in rest and during active exercises, followed 
by palpation of the structures of the knee. Hyperextension can be the result of a ruptured 
anterior cruciate ligament, loss of flexion can result from almost any injury. The next step is 
evaluation of ligamentous or passive laxity of the knee. Noyes et al. (1989) recommend not to 
use the term laxity to describe a motion or displacement, but to use it only in a general sense, 
to indicate slackness or lack of tension in a ligament. When referring to motion of the knee, it 
is preferable to describe the specific motion. The clinical examination for laxity of the knee 
joint involves determining the abnormal displacements of the tibia and the positions that can 
be induced by the application of forces and moments. The clinical signs are then used to infer 
the extent of injury to the ligaments and capsular structures (abnormal laxity). They further 
recommend to use the term instability only in a general sense, to indicate abnormal 
displacement of the tibia as a result of traumatic injury to tissue (Noyes et al., 1989). In 1988 
the International Knee Documentation Committee (I.K.D.C) was founded by othopedic 
surgeons from America and Europe to propagate in the first place a standardized examination 
method and secondly a standardized knee evaluation system which will allow to compare the 
results of knee ligament surgery. 
Ligament examination is performed according to the "Knee Ligament Standard Evaluation 
Form". 
Axial rotation is estimated as degrees of foot-thigh rotation or tibial rotation or tibial tubercle 
rotation while an axial moment is applied. Palpation of tibial plateaus can determine the 
direction of tibial plateau motion. Displacement measurements arc estimated or recorded as 
millimeters of displacement from the anatomic supine resting position. The displacement 
limit or end point is graded as firm, marginal, or soft. Twenty-five degrees tests: The patient 
lies supine. Support the knee in 20 or 30 degrees of flexion. The femur is stabilized. For the 
valgus-varus tests a force is applied to the medial or lateral aspect of the distal tibia and axial 
rotation is constrained. Medial joint line opening (MJLO) and lateral joint line opening 
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(LJLO) is estimateci in millimeters of opening from the joint surface contact position. An A-P 
force is applied to the proximal tibia without constraining axial rotation and the tibia tubercle 
anterior and posterior displacement from the anatomic resting position is estimated. Ninety 
degree tests: The patient lies supine with the leg resting in a 90-degrees flexed position. The 
resting position of the injured knee should be compared with the contralateral normal knee. 
The sag may be seen by looking at the knee profile, palpated by feeling the femoral condyle, 
tibia step off and confirmed by noting that contraction of the quadriceps pulls the tibia 
anterior, the quadriceps active test. Α-P force is applied to the proximal tibia without 
constraining axial rotation. Total Α-P displacement is recorded. Pivot shift and reverse pivot 
shift: Hip 10-20 degrees abduction, tibia neutral rotation (0 = none; 1 = glide; 2 = moderate; 3 
= severe). 
1.5.4 Radiographic examination 
Radiographs are mostly used to exclude fractures involving the femoral condyles, tibial 
plateau or the tibial eminence. The initial radiographic examination of the knee should 
include four views, namely the anteroposterior view, the lateral view, the notch view and the 
patellar-trochlear view. Oblique views aid in the diagnosis of a tibial plateau fracture. A 
radiographic finding being suggestive of an anterior cruciate ligament injury is the lateral 
capsular avulsion fracture (Segond fracture), it is best seen on the anteroposterior radiograph. 
Patho-anatomically it represents disruption of the meniscotibial portion of the middle third of 
the lateral capsule. It is direct evidence of lateral capsular injury and indirect evidence of 
anterior cruciate ligament injury (Bach and Warren, 1988). The lateral notch sign is another 
radiographic finding which is suggestive of an anterior cruciate ligament injury. The lateral 
notch sign is an exaggeration of the normal lateral femoral condyle indentation; it is an 
abnormal finding when greater than 2 mm on the lateral radiograph and may be seen in acute 
or chronic anterior cruciate ligament deficient knees (Bach and Warren, 1988). Losee et al. 
(1978) compared it to the Hill-Sachs lesion in recurrent anterior shoulder dislocation. Stress 
radiographs are useful to document the degree of laxity of the knee. It is most useful in young 
patients with open epiphyses to rule out instability at the growth plate, rather than at the joint 
line (Zarins and Nemeth, 1985). Double contrast arthrographic examination of the menisci is 
recognized as an accurate method of interpreting meniscal pathology. At the same time it can 
be an effective method for diagnoses of anterior cruciate ligament injuries. Double contrast 
arthrographic evaluation of the anterior ciuciate ligament has been found to be 95% accurate 
in confirming the ligament to be intact or abnormal (Pavlov et al., 1983). 
The accuracy of CT evaluation of the anterior cruciate ligament is not yet well established, 
because only small, surgically confirmed patient scries have been reported, but the benefit of 
the examination does appear promising, especially for the evaluation of the reconstructed 
ligament (Pavlov et al., 1983). Magnetic resonance imaging (MRI) can be used to image the 
anterior cruciate ligament. According to Fisher et al. (1991) the anterior cruciate ligament can 
be considered to be intact if a homogeneous low-intensity signal spans the intercondylar 
notch from the origin to the insertion of the ligament. A tear can be diagnosed if the normal 
signal of the ligament is discontinuous or absent, the ligament is poorly visualized because of 
a variable intensity of the signal, or the ligament does not proceed from and to its normal 
anatomical attachments. Magnetic resonance images of the knee were made in 114 patients, 
and the diagnosis was subsequently confirmed arthroscopically. The accuracy of the 
diagnoses from MRI amounted to 93% for the anterior cruciate ligament (Fischer et al., 
1991). 
1.5.5 Anterior-posterior knee-laxity measurement 
Several techniques for measuring anterior-posterior knee-laxity have been developed, either 
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based on X-ray analysis or on instrumented direct external measurements. Kennedy and 
Fowler (1971) quantitated the anterior translation of the tibia in the knee in 90 degrees of 
flexion. They found, with their stress machine, that the normal anterior-posterior laxity of 
both tibial condyles resulted in a maximum translation of 5 mm. Daniel et al. (1985) perfor­
med instrumented measurements of anterior-posterior laxity of the knee in 33 cadaver 
specimens, 338 normal subjects, and 89 patients with unilateral disruption of the anterior 
cruciate ligament. The test instrument was a knee arthrometer, the KT-1000 (MedMetric 
Соф.), in which case the anterior-posterior displacement of the tibial tuberosity can be 
measured relative to the patella. The mean anterior displacement for an eighty-nine Newton 
anterior force was 5.7 mm in a group of normal subjects and 13.0 mm in a group of patients 
with a disrupted anterior cruciate ligament. Ninety-two percent of the normal subjects had a 
left knee - right knee difference in anterior displacement of no more than 2 mm. 
Edixhoven et al. (1986, 1987) developed an instrument to assess the anterior-posterior 
drawer. The instrument is based on an electronical differential measurement of the anterior-
posterior movement of the tibial tuberosity and the patella during the performance of the 
drawer lest in 20-30 degrees of flexion. They found an average normal AP drawer shift 
between maximal anterior and posterior forces (180 N) of 6.4 ± 1.7 mm. Right-left 
differences and male-female differences were found not to be statistically significant in any 
of the parameters. 
All these instruments demonstrate the Lachman test but not the pivot shift phenomenon. It is 
the anterolateral rotatory instability which determines the disability. 
1.5.6. Arthroscopy 
Arthroscopy can be conducted under local, regional or general anaesthesia. Local anaesthesia 
is acceptable for diagnostic arthroscopy and minor arthroscopic surgery. Regional or general 
anaesthesia gives the opportunity of a thorough examination of the ligamentous laxity of the 
knee and makes the use of a tourniquet possible. Arthrotomy can be performed when 
arthroscopic surgery is prolonged or unsuccessful. 
Arthroscopy has been extremely helpful in confirming the diagnosis of both anterior cruciate 
ligament and meniscal pathology. Noyes el al. (1980) found some degree of disruption of the 
anterior cruciate ligament in 61 (72%) a partial tear in 28% and a complete tear in 44% in a 
prospective study of 85 knee injuries with acute traumatic hemarthrosis and absent or 
negligible ligament instability on the initial clinical examination. In knees with some degree 
of disruption of the anterior cruciate ligament, associated meniscal tears were found in 62% 
and a femoral chondral fracture or surface defect in 20%. Other authors have found 50 to 
70% incidence of meniscal tears associated with acute anterior cruciate ligament tears 
(DeHaven, 1980; Gillquist et al., 1977). Merc clinical examination cannot differentiate partial 
from complete tears, but this can be dermincd by arthroscopic examination, including 
probing. Arthroscopic surgery is presently used to treat most knee conditions. Reconstuction 
of the anterior cruciate ligament is now technically possible under arthroscopic control. 
1.5.7 Pathology of the anterior cruciate ligament 
An anterior cruciate ligament injury is defined as the disruption of anterior cruciate ligament 
fibers, which usually results in an increase in anterior displacement of the tibia (The Fourth 
ESKA Congress, Stockholm, 1990). Rupture implies complete tearing of the ligament with 
loss of function. It may be difficult to interpret arthroscopic findings in knees with partial 
ruptures of the anterior cruciate ligament (Noyes et al., 1980). Great care must be taken to 
visualize the entire ligament. The extent of fiber disruption has to be determined grossly by 
the use of the probe. Some ligament fibers will resist the drawer test while visualized during 
arthroscopic examination. 
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Noyes et al. (1980) found incidences of some degree of disruption of the anterior cruciate 
ligament in 61 (72%) of the knees (partial tears in 28% and complete tears in 44%). Gillquist 
et al. (1977) detected partial or total ruptures of the anterior cruciate ligament in 41 (59%) of 
the knees with an acute hcmarthrosis after injury (partial tears in 14% and complete tears in 
45%). DeHaven (1980) found incidences of 72% of anterior cruciate ligament tears at 
arthroscopic examination of the knees with an acute hemarthrosis after injury. Tears of the 
anterior cruciate ligament (partial or complete) are frequently associated with other injuries 
(Gillquist et al., 1977; DeHaven, 1980; Noyes et al., 1980). Torn menisci were reported in 
23%, osteochondral fractures in 10% and total or partial ruptures of the medial collateral 
band in 59% by Gillquist et al. (1977). Minor ligament laxities were reported by Noyes et al. 
(1980) in 41%, major associated ligament injuries in 21% and meniscal tears in 62%. 
Associated meniscal tears in 70% were reported by DeHaven (1980). The anterior cruciate 
ligament is most commonly injured in external rotation of the tibia in relation to the femur, 
and always associated with some damage of the medial capsular and medial collateral 
structures. An "isolated" rupture of the anterior cruciate ligament is most likely to occur when 
the tibia is internally rotated, hyperextended or both (Howe and Johnson, 1985). 
An "isolated" rupture of the anterior cruciate ligament is often the result of a non-contact 
twisting or deceleration accident (Fowler, 1980). Feagin and Lambert (1985) reported that 
incomplete tears of the anterior cruciate ligament occur in approximately 10% of the cases, 
and the natural history is far more favorable "if the tear occurs in the anteromedial band of 
the ligament". The "critical blow" to the anterior cruciate ligament occurs at the 
posterosuperior portion of the ligament, namely the site of the primary blood supply. Noyes et 
al. (1976) found a difference in failure mode of the anterior cruciate ligament in their study. 
The major failure mode was ligament disruption in the specimens belonging to young human 
adults, and avulsion of bone beneath the ligament insertion site in the specimens belonging to 
older human beings. 
1.6 The natural history of the anterior cruciate deficient knee 
Jackson et al. (1980) classified 63 patients with untreated anterior cruciate ligament lesions 
into two groups: those of whom the anterior cruciate ligament lesion was combined with, or 
accompanied by damage to other structures in the knee and those of whom the anterior 
cruciate ligament lesion appeared to be an isolated injury. Their impression was that most 
knees in which the anterior cruciate ligament was the only major structure damaged could 
function quite well without surgical treatment. On the contrary, if any of the secondary 
restraints were damaged at the same time as the anterior cruciate ligament, the resulting 
instability could be severe enough to cause rapid deterioration of the joint. 
Lynch and Henning (1988) found, in their study of 1081 patients with chronic anterior 
cruciate ligament deficient knees, a significant correlation between the incidence of 
osteoarthritis and the presence or absence of the meniscus at roentgenographic evaluation. 
They concluded that the purpose of reconstruction must primarily be restoring the stability of 
the anterior cruciate ligament and preserving the meniscus. Failing to provide functional 
menisci is failing to prevent osteoarthritis, despite reestablishment of stability. 
Noyes et al. (1983) reported a significant functional disability in their study of 103 patients 
with symptomatic anterior cruciate ligament deficient knees, initially for sports activities but 
later, following reinjury, for meniscal damage, joint arthritis and the activities of daily living. 
In a subgroup of thirty-nine patients evaluated at an average of eleven years after injury, 
seventeen patients (44%) had significant roentgenographic signs of osteoarthritis. Repeated 
subluxation episodes under weight-bearing condition cause significant damage to the joint, 
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represented by articular cartilage defects, meniscal tears, and stretching of secondary capsular 
and ligamentous restraints. If not interrupted, this sequence will result in progressive 
deterioration of the joint and often in osteoarthritis (Noyes et al., 1985). 
Bonamo et al. (1990) performed a retrospective study of 79 recreational athletes with 
conservatively treated anterior cruciate ligament deficient knees with an average follow-up of 
52 months (36 to 102 months). Six (8%) patients ultimately underwent ligament 
reconstruction and were considered failures of non-reconstructive treatment. Of the 
remaining 73 patients the results were excellent in 9 (11%), good in 25 (32%), fair in 17 
(22%) and poor in 28 (35%). Although 71 patients (97%) were satisfied with their knees for 
activities of daily living, only 36 (49%) were satisfied with their knees for sports. Twenty-
nine (40%) had significantly modified their athletic activities. Poor results were noted in 
patients with significant pivot shifts, and increased lengths of follow-up. They concluded that 
conservative treatment of the anterior cruciate ligament deficient knee is an acceptable form 
of treatment only in the non-competitive recreational athlete who is willing to significantly 
modify future sports activity, or in those patients unwilling to risk the potential morbidity of 
ligament reconstruction. 
CHAPTER II 
REPAIR AND RECONSTRUCTION OF THE ACUTE AND 
CHRONIC ANTERIOR CRUCIATE LIGAMENT 
DEFICIENT KNEE. 
II. 1 Introduction 
The treatment of the acute and, especially, the chronic anterior cruciate ligament deficient 
knee is one of the most controversial topics in orthopedic surgery. Differences of opinion 
exist regarding the primary repair of the acute ruptured anterior cruciate ligament and the 
ideal surgical procedure for the chronic anterior cruciate ligament deficient knee. When the 
orthopedic surgeon has decided to repair or to reconstruct the anterior cruciate ligament, he 
has to choose out of many procedures feasible for the particular knee problem and the 
particular patient. Will primary repair of the acute ruptured anterior cruciate ligament in 
combination with immobilization in a cast be sufficient, or does the repair need to be 
protected by means of an augmentation and if so, should it be an autogenous or synthetic 
augmentation, or should he combine the intra-articular procedure with an extra-articular 
procedure? In the chronic anterior cruciate ligament deficient knee, the procedures which 
have been proposed vary even more. If the orthopedic surgeon has decided to reconstruct the 
anterior cruciate ligament with autogenous tissue in an intra-articular procedure, the question 
arises which structure can be sacrificed without interfering with the normal knee function, 
and whether the procedure has to be done in combination with an extra-articular one. Is it 
necessary for the autogenous transplant to be protected by immobilization in a cast, with all 
its known disadvantages, or is early mobilization possible after augmentation of the 
transplant? What kind of material should be used for the augmentation? Should it be 
biodegradable, mechanically dcgradable, non-degradable or a combination of these? Should 
the augmentation device allow ingrowth of fibrous tissue, or only protect the joint from 
excessive stress during the time the autogenous transplant goes through degradation, 
revascularization, recollagenation and maturation? What to do in cases of severe instability 
following multiple surgical procedures, if one or both menisci have been removed and all 
tissues suitable for substitution have been gradually stretched, damaged, or used previously? 
Has the time now arrived for prosthetic replacement of the anterior cruciate ligament? 
The surgeon has to find his own way through the diversity of methods and materials 
commonly used for repair and reconstruction of the anterior cruciate ligament. He has to 
develop his own plan for treatment of the anterior cruciate ligament deficient knee, within his 
own restrictions and possibilities. In the next paragraphs a historical review and brief 
descriptions of the different methods and materials for reconstruction of the anterior cruciate 
ligament deficient knee will be given. 
II.2 Repair of the acutely ruptured anterior cruciate ligament 
The first reported surgical repair of the anterior cruciate ligament was done by Mayo Robson 
(1903). 
O'Donoghue stated already in 1950: "In too many instances the golden opportunity has 
passed, and reconstruction instead of repair must be undertaken with a resulting loss of time, 
increase in the extent of surgery, and impairment of the changes for that complete success 
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which so frequently follows prompt early, meticulous repair of every damaged structure". 
According to him, primary repair should be done within two weeks of injury to obtain the 
best result. So, in the acute traumatic knee decision to treatment must be made immediately 
after the diagnosis of a rupture of the anterior cruciate ligament whether or not injuries to 
other structures have been established. Eighty percent of the ruptures will be in the 
midsubstance of the ligament, the remaining 20% are avulsions, occur on the femoral side in 
18%. Hence, primary suture can be carried out in about 80% of the cases. When the ligament 
is of such a quality that sutures will not hold, the semitendinosus tendon can be used as an 
augmentation to reinforce the repair (Gollehon et al., 1985). In a 5-year follow-up of 52 
augmented primary repairs, Gollehon et al. (1985) found a failure rate of 9% in patients, 89% 
of which were active in sports, and subsequent meniscetomy had not been required. 
Feagin (1979) concluded, after a review of 32 primary repairs of anterior cruciate ligament 
ruptures in military cadets who continued active athletics, that primary anterior cruciate 
ligament repairs are inadequate without augmentation. 
Noyes et al. (1985) do not believe in direct repair of the anterior cruciate ligament, they 
augment the repair with a transplant to increase the strength of the repaired ligament and 
allow immediate motion of the joint without the use of a cast. They use a vascularized 
patellar tendon (bone-tendon-bone) transplant to augment the most commonly occurring 
midsubstance ruptures of the anterior cruciate ligament, the semitendinosus transplant is used 
for ruptures directly adjacent to the femoral attachment. Their indication for acute anterior 
cruciate ligament repair is associated with moderate or severe ligament laxity of the 
secondary restraints, damage of both menisci and when acute meniscal repair is required. 
Larson (1985) also uses the semitendinosus tendon for augmentation of the repaired anterior 
cruciate ligament. He believes that the patellar tendon (bone-tendon-bone) transplant is a 
reconstruction procedure to be utilized in chronic anterior cruciate ligament deficiency. 
Kwasny et al. (1986) reported on 50 patients, with a mean follow-up of 16 months, whereby 
acute ruptures of the anterior cruciate ligament were augmented with a synthetic band 
(Kennedy-LAD). In all cases the anterior cruciate ligament was detached from the femoral 
insertion. They reinserted the anterior cruciate ligament transcondylar in the femur and fail-
saved the reconstruction with an internal splint, using a LAD-ligament. The LAD-ligament 
was led from tibial anteromedial to femoral posterolateral through bone channels and fixed 
on both ends. The clinical results were excellent in 32 patients, good in 13, satisfactory in 3 
and bad in 2. The results of the augmented repairs appeared to be better than those without 
LAD. According to the authors, the advantages of the intra-articular splint are the better 
primary stability and the ability for early functional rehabilitation. 
Haupt and Duspiva (1988) used a 2 mm polydioxanone (PDS) cord for augmentation of 30 
primary repaired anterior cruciate ligaments. The augmentation was combined with a Hoffa 
pediculated synovial flap as an aid to vascularization. On arthroscopic examination after 6-7 
months, a good structured anterior cruciate ligament could be seen in all cases. No laxity of 
the anterior cruciate ligament could be demonstrated during the Lachman test under arthro-
scopic control. At one year follow-up, 26 patients had very good to good results, 3 patients 
sufficient and 1 patient slightly sufficient results, according to the Marshall-score. 
Shelboume et al. (1990) reconstructed the acutely ruptured anterior cruciate ligament in 155 
patients. After ligament excision, reconstruction was performed according to the Jones 
procedure, with the bone-patellar tendon-bone transplant. The follow-up period ranged from 
2 to 7 years, 140 patients were available for evaluation, 131 of them had no feelings of 
instability since the reconstruction. Driessen (1989) compared two groups of 50 patients, each 
with acutely ruptured anterior cruciate ligaments. In one group the ruptured anterior cruciate 
ligament was sutured and in the other group removed. In both groups, additional peripheral 
ligaments injuries and/or peripheral meniscal tears were treated identically. After a follow-up 
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of at least one year no significant differences were found between the two methods neither in 
the subjective or in the objective assessments. The following statements concerning the 
treatment of acute knee injuries with anterior cruciate ligament lesions were made at the 
Consensus Conference during the Fourth ESKA Congress, Stockholm, Sweden, June 25-30, 
1990: 
The treatment of an acute anterior cruciate ligament should be individualized. Not all patients 
require surgery. Factors that affect the decision, include the patient's age, his work and sports 
activities and the knee related and medical factors. The optimal procedure cannot be 
established at present, but it should follow anatomical principles, allow early, full range of 
motion; utilize a technique and fixation method appropriate for the tissues and structures used 
or repaired and consider the issues affecting excessive elongation of repaired or reconstructed 
structures. 
The currently used surgical procedures include the following: 
1. Simple suture repair; this should be reserved for avulsion fractures and detachments and 
should be performed during the acute period (<2 weeks). 
2. Intra-articular augmented repair; in most cases an anterior cruciate ligament should be 
augmented with autologous tissue since the ruptured ends of an anterior cruciate ligament 
do not heal satisfactory. 
3. Primary reconstruction; is preferred by some surgeons over augmented repair. 
4. Allograft reconstruction; this is an experimental clinical procedure. 
5. Ligament augmentation devices and prosthetic devices; these are also experimental 
clinical devices. 
II.3 Reconstruction of the chronic anterior cruciate ligament deficient knee 
Reconstruction of the chronic anterior cruciate ligament deficient knee is even more 
controversial than the repair of the acute anterior cruciate ligament deficient knee. Most of 
the patients with chronic anterior cruciate ligament instability are candidates for surgical 
repair. Different operation techniques and different materials have been advised for 
reconstruction of the anterior cruciate ligament. 
II.3.1 Extra-articular procedures 
Bennett (1926) described an extra-articular procedure for the chronic anterior cruciate 
ligament deficient knee. He used a free strip of fascia, woven longitudinally along the medial 
joint line and then reefing the medial extensor retinaculum. O'Donoghue (1973) treated 26 
patients with chronic anterior cruciate ligament deficient knees and medial instabilities by 
advancement of the medial collateral ligament and the posteromedial capsule as a single cuff, 
moving its tibial attachments both anteriorly and distally. He found that tightening up the 
medial structures helps to reduce anteroposterior instability. In knees with grade 3+ to 4+ 
anteroposterior instability he advised a combined operation: reconstruction of the anterior 
cruciate ligament and tightening of the medial structures. Losee et al. (1978) evaluated a 
surgical repair for chronic anterior cruciate ligament and lateral capsular insufficiency, called 
the "sling and reef operation" (a strip of iliotibial band is used to create a sling and to reef the 
posterolateral capsule). Fifty patients had been evaluated at one to six years after the 
operation. The results were good in 41 cases, fair in 6, and poor in 3. Kennedy et al. (1978) 
evaluated the Ellison procedure (rerouting a strip of the iliotibial band along with a portion of 
the tubercle of Gcrdy beneath the fibular collateral ligament). The pivot shift phenomenon, 
present in 28 knees preoperatively had been eliminated in only 4 in a follow-up. Their 
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conclusion was that this operation should be used only as an adjunct procedure in anterior 
cruciate ligament reconstruction in young patients. The common goal of all these extra 
articular procedures is control of abnormal anterior subluxation of the medial or lateral tibial 
plateau. 
IL3.2 Intra-articular procedures 
II.3.2.1 Autografts 
Anterior cruciate ligament reconstruction has been performed with a variety of autogenous 
tissues with objectives relating to both passive and active stability. The following tissues have 
been used or are still used today: the iliotibial band, the patellar tendon (vascularized or non-
vascularized), the semitendinosus tendon, the gracilis tendon and the meniscus. 
The iliotibial band: 
Hey Groves (1917, 1920) reported the first anterior cruciate ligament reconstruction by 
means of a proximally based strip of iliotibial band through the femur, across the joint and 
through the tibia. Ten of 14 patients showed improvement after this procedure. Insali et al. 
(1981) used a bone-block iliotibial band transfer for reconstruction of the anterior cruciate 
ligament. They reported on 24 patients, with a follow-up period of two to four years. 
Subjectively 13 out of 24 had no functional instability. 
The patellar tendon: 
Jones (1963, 1970, 1980) advised a graft consisting of the central third of the patellar tendon 
along with an attached wedge of patellar bone for reconstruction of the anterior cruciate 
ligament. Because of the short length of the graft, its position was not entirely anatomic. 
After evaluation of 46 patients with an average follow-up period of 27 months, objectively 29 
out of 46 patients had a positive anterior drawer. In another study of 92 patients with a 
follow-up period of 18 months, all patients had satisfactory results, however, objectively 59 
out of 92 patients had a positive anterior drawer. Johnson et al. (1984) used the patellar 
tendon for reconstruction of the anterior cruciate ligament in 87 patients. Their follow-up 
period was relatively long, namely an average of almost 8 years. They evaluated functional 
sports activities and found that 23% had no complaints, 43% light instability and pain, 23% 
moderate pain and instability and for 8% sports was impossible because of instability and 
pain. Dupont et al. (1986) described a modified Marshall-Macintosh technique for anterior 
cruciate ligament reconstruction. The graft was composed of 50 to 60% of the patellar 
tendon, the prepatellar retinaculum and the quadriceps tendon. A free tendon graft from the 
quadriceps tendon was used to reinforce the patellar tendon and the retinaculum. The graft 
was placed intra-articularly through isometric drill holes in tibia and femur, then passed 
beneath the lateral collateral ligament, anchored to Gcrdy's tubercle for extra-articular 
reinforcement. The reconstruction was followed by an accelerated and aggressive knee 
rehabilitation program. At follow-up of 64 knees in 62 patients, after an average of 20 
months, no patient had recurrence of the preoperative "giving way" or other symptoms of 
instability. Komblatt et al. (1988) also used the Marshall technique, however, without an 
extra-articular procedure. At follow-up of 5.5 years (range, 4 to 9 years),"giving way", the 
main pre-operative complaint was eliminated in 79% of the 38 patients. However, at 
examination the pivot shift was still present in 45% of the patients. The weak link of this 
procedure appeared to be the periosteum of the patella. They advised the addition of an extra-
articular sling procedure. O'Brien et al. (1991) used the central third of the patellar tendon 
(bone-tendon-bone) in 80 reconstructions in 79 patients. In 48 (60%) of the knees the 
reconstruction was combined with an extra-articular procedure using the iliotibial band. The 
patients were evaluated at 2 to 7 years after the operation. Postoperatively, 76 (95%) of the 80 
knees no longer gave way, and the pivot shift was negative in 67 (84%) of the knees. They 
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concluded that the extra-articular procedure had no detectable effect on the outcome in this 
study. Fifty-two consecutive arthroscopic anterior cruciate ligament reconstructions using the 
mid-third patellar tendon (bone-tendon-bone) were matched and compared with 52 
conventional open reconstructions by Hardin et al. (1991). They concluded that similar 
acceptable early clinical results can be achieved with either open or arthroscopic anterior 
cruciate ligament reconstructions. 
The semitendinosus tendon: 
Augustine (1956) described an intra-articular dynamic anterior cruciate ligament 
reconstruction. He used the semitendinosus tendon. After being released distally, it was 
passed through the intercondylar notch and a tibial tunnel. It depended on patient muscle 
training wether the functional results were good. Lipscomb et al. (1979) also used the 
semitendinosus tendon for reconstruction of the anterior cruciate ligament in 78 patients. 
After an average follow-up period of 11 months, subjectively 90% were stable, objectively 
84% still had abnormal anteroposterior laxity. Arthroscopic reconstruction with a 
semitendinosus tendon was performed by Sgaglione et al. (1991) in 28 patients with chronic 
insufficiency. Good results were reported in only 61% of the cases. 
The gracilis tendon: 
McMaster et al. (1974) described the gracilis tendon for reconstruction of the anterior 
cruciate ligament. It was considered to be a dynamic reconstruction. Thompson et al. 1978 
also reconstructed the anterior cruciate ligament in 8 patients by means of the gracilis tendon, 
based proximally through the joint and fitted to the tibia. After a follow-up period of 27 
months, 7 out of 8 patients had improved and returned to sports. Objectively however, all still 
had a positive anteroposterior drawer. Good results were obtained only if the patient learned 
to contract his hamstrings with knee flexion. Passive instability remained unchanged. 
The meniscus: 
Lindström (1959) described the use of the meniscus for reconstruction of the anterior cruciate 
ligament. After reconstruction in 34 patients failure to increase stability occurred in only seven 
patients. Walsh (1972) considered this as an unreasonable procedure after all 13 of his patients 
had a poor result. Tilberg (1977) used the meniscus as a free graft in 45 patients. At a 
minimal follow-up of one year, 12 out of 45 patients had a positive anterior drawer. Lais and 
Hertel (1986) reported on 38 patients who underwent anterior cruciate ligament reconstruc-
tion using the degenerative torn meniscus. At a follow-up period of 1 year, using the scoring 
systems of Lysholm and Müller, very good and good results were obtained in 30 cases, fair in 
5 cases and bad in one case. Histological studies of 4 biopsies from 9 to 12 months after the 
reconstruction showed that cartilage of the meniscus was changed into stiff collagenous 
tissue. Noyes (1983) has pointed out that the commonly employed autogenous tendinous 
structures used for anterior cruciate ligament reconstructions are often deficient in strength. 
He has suggested that the only local structures of sufficient strength are the middle one third 
of the patellar tendon and a 4.5 cm wide segment of the iliotibial band. At present, the golden 
standard in reconstruction of the anterior cruciate ligament is still the bone-patellar tendon-
bone, followed at a distance by the semitendinosus tendon. 
II.3.2.2 Allografts 
Shino et al. (1984) reported on 56 patients where free tendon allografts were used for recon-
struction of the anterior cruciate ligament along with extra-articular reconstructions. After a 
follow-up period of 18 months on 18 patients, excellent or good results were obtained in 89%. 
A prospective study was performed by Noyes et al. (1990) in which the anterior cruciate 
ligament was reconstructed with a freeze-dried fascia lata allograft in 22 patients and with a 
bone-patellar tendon-bone allograft in 25 patients. In a follow-up of 40 months (range 25 to 
67 months), the knees with a bone-patellar tendon-bone allograft had significantly lower 
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values for anterior-posterior displacement than the knees with a fascia lata allograft. No 
infections or evidence of rejection of the allografts were seen. They particularly recommen-
ded allografs for patients who are more likely to have a postoperative complication from an 
autogenous grafting procedure, such as those with preexisting patellofemoral chondrosis, 
malalignment of the extensor mechanism, or narrow-width patellar ligaments, or those where 
a previous autogenous-grafting procedure had failed. 
11.3.2.3 Xenografts 
Abbink (1986) reported on 201 patients in whom a xenograft reconstruction was performed. 
After an average follow-up period of 3 years, 87% of the patients had good or excellent 
results. Synovitis occurred in 20%, and 10% required second grafts. Later, 60% of 50 patients 
were reported to have good or excellent results; synovitis occurred in 40%. An explanation 
for the high number of synovitis was that rupture of the xenograft produced collagen particles 
which induced an inflammatory response. The bovine xenograft consists of animal tendon 
collagen fixed in glutaraldehyde. The device was intented to function as a prosthesis with 
secondary host invasion, so that a composite of xenograft and host collagen results 
(McMaster, 1985). The use of xenografts is now obsolete. 
11.3.2.4 Synthetic ligaments 
Smith (1918) has must probably been the first surgeon who used a synthetic material to 
reconstruct the anterior cruciate ligament. He tried to reconstruct the anterior cruciate 
ligament with multiple silk sutures fixed by metal staples. Because of a severe reactive syno-
vitis, the silk sutures were removed. Proplast was granted approval by the Food and Drug 
Administration for implantation as a ligament substitute in 1973. Its primary use was as a 
stent to protect the knee and to allow healing of additional procedures done to improve 
stability. Kennedy (1976) operated 49 patients using a polyethylene ligament. The eighties 
have become the decade of the synthetic materials used for augmentation or prosthetic 
replacement of the anterior cruciate ligament. Many materials have been proposed for 
reconstruction of the anterior cruciate ligament, such as polypropylene (Kennedy et al., 1980; 
Roth et al., 1985), carbon fiber (Witvoel and Christel, 1985; Neugebauer and Claes, 1983), 
polytetrafluoro-ethylene (Bolton and Bruchman,1985) polyethyleneterepthalate (Gillquist and 
Magnes, 1986), terylene (Hamilton et al., 1986) and polydioxanone (Rehm and Schultheiss, 
1985). With all these materials overall good results have been reported mainly in the short 
follow-up periods. 
Polypropylene: 
Kennedy et al. (1980) introduced the "ligament augmentation device" (LAD) as a possible 
answer for intra-articular replacement of the deficient anterior cruciate ligament. Roth et al. 
(1985) presented a clinical retrospective study to determine whether a polypropylene braid 
used to augment an intra-articular autograft is safe and to determine whether the 
polypropylene braid improves the efficacy of the procedure. A simultaneous review was 
performed of patients who had undergone an intra-articular anterior cruciate ligament 
reconstruction using an autograft composed of the central quadriceps tendon, prepatellar 
periosteum and patellar tendon left attached distally to the tibial tubercle, and of patients who 
had undergone the same procedure with polypropylene braid augmentation of the autograft. 
Thirty-eight out of 43 (88%) non-augmented procedures performed with a mean follow-up of 
64 months and 45 out of 48 (94%) polypropylene braid augmented reconstruction with a 
minimum follow-up of 42 months were reviewed. Based on subjective questioning, physi-
cian's examination and radiographic analysis, the polypropylene augmented results were 
considered significantly better. There were 12 (32%) knees with recurrent symptomatic 
giving way in the non-augmented group and 5 (11%) in the polypropylene augmented group. 
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No adverse reaction to the polypropylene was seen. Polypropylene is a non-resorble material. 
The composite graft, i.e. the LAD and the autogenous tissue, is directly fixed to bone at only 
one end, the other end of the LAD is attached to the autogenous tissue. It is suggested that 
when revascularisation and recollagenization occur, the load is gradually transferred from the 
synthetic material to the reorganized tissue (Roth et al., 1985). 
Carbon fiber: 
Strum and Larson (1985) compared two groups of patients after a follow-up of 1 year, who 
had undergone reconstruction for anterior cruciate ligament deficient knees. Intra-articular 
reconstruction of the anterior cruciate ligament with autogenous tissue (bone-patellar tendon-
bone, or the scmitendinosus tendon) augmented by PLA-coated carbon fibers was performed 
in one group of 10 patients. A second group of matched patients was similarly treated without 
augmentation for controls. They found no demonstrable benefit with the use of carbon fibers 
at follow-up. Witvoet and Christel (1985) augmented a combined intra- and extra-articular 
transfer (central one-third of the patellar tendon, the prepatellar tissue, and the central one-
third of the quadriceps tendon) with PLA-coated carbon fibers. According to them, 
augmentation improved the strength of the graft by reinforcing its weak zones, thus avoiding 
cast immobilization. At follow-up, the subjective and objective results were similar to those 
previously obtained with non-reinforcement methods of repair, except that there was an 
earlier return to normal activities. Gachter et al. (1983) advised not to use carbon fibers intra-
articularly when unprotected. The fibers must at least be covered with fascia lata, synovial 
tissue or fat pad. Carbon fibers induce collagen formation along stress lines. When the carbon 
fibers finally separate into discrete segments, the load is transferred to the collagen (Jenkins, 
1985; Neugebauer and Claes, 1983). Carbon fibers can be used polymer-coated (Strum and 
Larson, 1985; Witvoet and Christel, 1985) or uncoated. Carbon fiber was originally used as 
an intra-articular substitution alone, however, the intra-articular environ-ment gives a much 
lower fibrous response than the extra-articular environment. The intra-articular portion is now 
being wrapped in fascia lata (Neugebauer and Burri, 1985) or the carbon fibers are used to 
augment the autogenous graft. Chronic synovitis caused by the spread of carbon particles 
throughout the joint after rupture or abrasion of the carbon fibers has tempered the initial 
enthusiasm for this device. 
Polytetrafluoroethylene (PTFE): 
Bolton and Bruchman (1985) implanted the Gore-Tex expanded polytetrafluoroethylene 
prosthetic ligament in 130 patients considered to be salvage cases. At follow-up of 15 months 
or less, there was improved stability in 129 cases, two prostheses must be removed, one 
secondary to infection and the other as a result of improper placement. According to Bartsch 
et al. (1986) the indications for implantation of the prosthetic ligament are chronic ligament 
instability in combination with considerable damage of the articular cartilage or in cases of 
failed reconstruction with autografts. The prosthesis is designed as a permanent replacement 
for the anterior cruciate ligament. It is one of the strongest devices used for reconstruction. 
Histological studies demonstrated ingrowth of tissue into the device. The intra-articular 
segment was invaded by synovial and fibrous tissue and ingrowth of osseous-like tissue 
within the bone tunnels (Bolton and Bruchman, 1985). Gore-Tex prosthetic ligaments 
implanted in 143 chronic anterior cruciate ligament deficient patients were followed 
prospectively for 24 to 63 months (average 44 months) (Paulos et al., 1990). Of the 85 
patients who were considered as failures by the authors, effusion occurred in 44 (31%) and, 
increased anterior laxity in 19 (13%). Ligament rupture occurred in 25 (16%) at an average of 
24 months follow-up (range 3 to 61 months). Infection occurred in 5 (3%). An overall failure 
rate of 34% was found by Indelicato et al. (1990) at a follow-up of 32 months (range 8 to 50 
months) in a group of 41 patients. Today the Gore-Tex prosthetic ligament can be considered 
obsolete, even for salvage procedures. 
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Polyethyleneterepthalate (Polyester): 
Wredmark and Theander (1986) reported on 39 patients with a mean follow-up of 78 weeks, 
with whom the anterior cruciate ligament was reconstructed with a Dacron augmented distal 
iliotibial band as an inlra-articular procedure. Postoperatively, early weight-bearing and 
passive motion was applied. A total number of 14 ruptures was observed. Notch-plasly was 
performed only in a few cases. Gillquist et al. ( 1986) operated 76 patients because of anterior 
cruciate ligament insufficiency. The anterior cruciate ligament was replaced by a Dracon 
prosthesis using a new technique for accurate positioning of the drill holes. The preoperative 
mean Lysholm knee function score was 67.5 which increased to 90.8 in 39 patients followed 
for 1 year and to 93.7 in 37 patients followed for 2 years. Graft ruptures were seen in 4 cases 
(5%), 1 patient had a synovial fistula which healed after removal of the graft. At arthroscopic 
examination in 30% of the patients, good collagen ingrowth into the prosthesis as well as 
synovial covering were seen. These authors suggested that the number of ruptured grafts will 
probably increase with time. Park et al. (1985) found fibrous tissue ingrowth in the intra-
articular part of the graft in their study of Dacron augmented iliotibial grafts in dogs. In the 
intra-articular procedures, the Dracon was susceptible to failure on the femoral side at the 
antero-inferior portion of the drill hole; beveling of the drill holes could eliminate this 
problem. A prospective, multicenter study was performed by Wilk et al. (1992) to evaluate 
the use of a Dacron prosthetic ligament in 84 patients followed for at least 5 years. The 
failure rate at 2 years was 21.5% and at 5 years 35.7%, illustrating a significant deterioration 
of results between the two follow-up intervals. 
Terylene (Polyester): 
Hamilton et al. (1986) used the Leeds Keio Terylene ligament as a prosthetic replacement for 
the anterior cruciate ligament in 50 cases. At follow-up periods of I to 4 years, clinical 
examination, including the use of lateral radiographs of the knee under tension, showed 
increased stability of the joint. At arthroscopy they found that the ligaments were surrounded 
by firm fibrous tissue. They believe that the ligament produces a stable knee which is 
sufficiently strong to give a satisfactory performance, even in young athletes. Macnicol et al. 
(1991) reported the 2 to 4 years results following the insertion of the Leeds-Keio prosthetic 
ligament for chronic anterior cruciate deficiency in 20 patients. All patients were less 
disabled by instability, but objective results were good in only two-thirds, and under 
anaesthesia the pivot shift sign was still positive in half. 
Arthroscopic and histological assessment in 16 patients failed to show the development of a 
functional neoligament, while the common appearance of a synovitic reaction to polyester 
particles gave concern. 
Polydioxanone (Polymer): 
Rehm and Schultheis (1985) used polydioxanone (PDS), a resorbable material, for recon-
struction of the anterior cruciate ligament. In a clinical study they reconstructed the anterior 
cruciate ligament with PDS-augmented fascia in 13 patients and patellar tendon in 3 patients. 
At a follow-up period of 2 years 14 patients could be evaluated. According to the rigid 
evaluation of Müller, the results in 4 patients were very good, in 6 good and in 4 sufficient. 
Arthroscopical examination was performed in 6 patients, with whom a good reconstructed 
anterior cruciate ligament could be seen in all cases. In 3 other cases the reconstructed 
anterior cruciate ligament could be demonstrated by CT. 
II.4 Complications 
Fibrosis is most frequently seen after anterior cruciate ligament repair and reconstruction, 
resulting in functional restrictions. According to Hughston (1985) there are three possible 
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locations, sometimes combined. Firstly, fibrosis in the intercondylar notch occurs because of 
improper positioning of the reconstructed anterior cruciate ligament, or because of over-
growth of the graft. Secondly, fibrosis of the suprapatellar pouch occurs apparently due to an 
increased extensor force without normal extensor excursion, surgical trauma or both, and 
thirdly, fibrosis occurs in the lateral condylar and supracondylar area, developed secondary to 
surgical trauma at the exit of the graft and fixation. At present, the occurrence of this 
complication has gradually decreased, because of the introduction of arthroscopic 
reconstruction or of a miniarthrotomy during the open technique and the tendency for early 
mobilization after reconstruction, in contrast to the prolonged immobilization in the past. 
Other problems specific for reconstruction of the anterior cruciate ligament with synthetic 
devices are abnormal stiffness, which prevents elongation of the ligament and return to the 
resting length without permanent deformation (Tremblay et al., 1980). Abrasion can occur 
whenever the materials are exposed to sharp edges such as tunnel entrances, osteophytes of 
the intercondylar area of the femur (Woods, 1985). Abrasion spreads particles throughout the 
joint, causing chronic synovitis and effusions. In their experimental study in goats Thomas 
and Turner (1986) found a synovitis of different degrees in all knees at each time interval (6, 
12 and 24 months). After excision of the anterior cruciate ligament, reconstruction was 
performed by prosthetic replacements (polytetrafluoroethylene, polyethyleneterepthalate and 
polyethyleneterepthalate/carbon). Claes and Diirselen (1991) tested different synthetic 
ligaments in a sheep model. One year postoperatively biomechanica! and histological 
investigations were carried out. The highest rupture rate was observed for the Aramide (66%) 
and Stryker prostheses. The tissue reaction was mainly caused by the abrasive particles of the 
prostheses. This was found for all materials, except for the resorbable PDS. The tissue 
reactions ranged between a mild synovitis for carbon fragments and a strong synovitis with 
macrophage granulomas for the particles abraded from the Stryker, Gore-Tex and Leeds-Keio 
ligaments. The bovine tendon xenograft exhibited the worst results, a process of 
fragmentation and necrosis could be seen. 
Nearly all authors stress the importance of the isometric placement of the graft to avoid 
abnormal stress and mechanical failure. Notch plasty has been advised to avoid any impinge-
ment of the graft. To reduce abrasion, chamfering of the edges of the bone tunnels must be 
performed and adequate tension should be given to the graft. 
II.5 Discussion 
Improvements in primary suture techniques along with primary augmentation have improved 
the results in the management of acute anterior cruciate ligament injuries. Reconstruction of 
the chronic anterior cruciate ligament deficient knee in an intra- or extra-articular procedure 
or a combination of these procedures have been performed with varying results. For aug-
mentation or prosthetic replacement of the anterior cruciate ligament many synthetic 
materials are now available. The number of different methods however, advocated for repair 
and reconstruction of the injured anterior cruciate ligament indicates that not one particular 
technique exhibits outstanding results. Most synthetic materials have the capability to induce 
collagen formation. However, none of these materials have mechanical characteristics similar 
to those of the anterior cruciate ligament. The great variety of methods and materials tends to 
suggest that the dilemma of what is the best treatment for the injured anterior cruciate 
ligament still persists. Further research is necessary for a better understanding of the 
complexity of anterior cruciate ligament function and reconstruction, especially with respect 
to the mechanical and biological properties of the implanted materials. 
An important step forwards, enabling the critical evaluation of the large variety of reconstruc-
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tion techniques has been the introduction of a "Knee Ligament Standard Evaluation Form" by 
the International Knee Documentation Committee (I.K.D.C), allowing the comparison of the 
results obtained with largely different methods in knee ligament surgery. The Committee re-
commends three guidelines in the evaluation form. 
- The postoperative patient will be graded at the highest activity level he has accomplished 
i.e., Level I: jumping, pivoting, hard cutting (football, soccer); II: heavy manual work 
(skiing, tennis); III: light manual work (jogging, running); IV: sedentary work (ADL). Thus, 
symptoms and function will be linked to activity level. 
-Each of the seven variables (1. Patient Subjective Assessment, 2. Symptoms, 3. Range of 
Motion, 4. Ligament Examination, 5. Compartment Findings (Crepitus), 6. X-ray Findings, 
and 7. Funtional Tests) will be characterized by the lowest score awarded: normal, nearly 
normal, abnormal, and severely abnormal. 
- Short term results arc those followed a minimum of two years, five years are required for 
intermediate term results; and ten years minimum for long term results. 
CHAPTER III 
EXPERIMENTAL STUDIES 
IH.l Introduction 
During the last decades, several experimental studies have been performed in order to obtain 
a better insight into anterior cruciate ligament reconstructions. Different species of test 
animals (primates, dogs, sheep, goats and rabbits) have been used in which anterior cruciate 
ligament reconstruction was performed with augmented or non-augmented transplants. The 
development of the transplants was followed histologically and mechanically. In this chapter 
a review is given of these studies. 
III.2 Anterior cruciate ligament reconstructions 
Ш.2.1 Non-augmented reconstructions 
O'Donoghue et al. (1966, 1971) used dogs in their studies. After removing the anterior 
cruciate ligament, reconstruction was performed by a strip of the iliotibial band. In these 
experiments reconstruction was followed by immobilization in a plaster cast for six weeks. 
They found, after six months and longer, that persistence of marked inflammatory changes in 
reconstructed ligaments was associated with decreased tensile strength. Persistence of the 
fibroblastic proliferation, on the other hand, was even found in the strongest reconstructions. 
The overall average tensile strength of the transplants was 160 N (range 0 to 360 N) after six 
months and longer; no description was given of the failure mode of the transplants. The 
testing method was not optimal because the pins, drilled through the relatively small bones to 
accommodate the tests, broke out before the failure loads of the control anterior cruciate 
ligaments (up to 700 N) were reached. A relationship between instability and arthritic 
changes was found in the knees which were followed from one to three years. 
Clancy et al. ( 1981 ) used the medial one-third of the patellar tendon elongated by a portion of 
the patella, leaving the tendon distally at the tibial tubercle, for reconstruction of the anterior 
cruciate ligament in Rhesus monkeys (19 knees). At 6, 9 and 12 months they found normal 
paraligamentous and endoligamentous vascular supply, entering mainly from the posterior 
fold. In addition, substantial contributions from the endosteal vessels within the femoral and 
tibial tunnels were found. At twelve months no appreciable degeneration of the ligament was 
evident, the fibroblasts appeared to be normal and there was no noticable inflammatory 
reaction. Tensile testing was performed at 3, 6, 9 and 12 months. The following results were 
established for the bone-ligament-bone strength, expressed as percentages of the average 
strength of the control anterior cruciate ligaments (600 N): 26% at 3 months, 43% at 6 months, 
38% at 9 months and 52% at 12 months. All anterior cruciate ligaments and transplants failed 
interligamentarily, no bony avulsions were seen. The knees were stable and no degenerative 
changes were found at the various time-periods. In this study, they described the importance 
of the locations of the bone-tunnels in tibia and femur. The relatively flat patellar tendon 
transplant should lie along the portion of the circumference of the tunnel that coincides with 
the anatomical center of the normal anterior cruciate ligament. The transplants could then be 
under proper tension throughout the full range of motion of the knee. 
In a rabbit model, in which anterior cruciate ligament reconstruction was performed with the 
medial one-third of the patellar tendon. Amiel et al. (1986) observed that patellar tendon 
autografts undergo a process of "ligamentization" when placed in the anterior cruciate 
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ligament environment and that cells responsible for this methamorphosis are of extragraft 
origin. The transplants were followed over a period of 30 weeks. The fact that ruptured 
transplants underwent complete resorption of their intra-articular portion, demonstrated that 
mechanical forces, implying solid anchorage, are necessary for ligamentization to occur. 
Van Rens et al. (1986) reconstructed the anterior cruciate ligament in Labrador dogs with a 
pedicled strip of the iliotibial band, fixed in the bone-tunnels of tibia and femur with bone-
pegs, in which case the transplant was twisted clockwise six times around its longitudinal 
axis; the dogs were not immobilized postoperatively. They found that the transplants became 
necrotic in a very short period of time, and were revitalized by creeping substitution. A 
"tideline", marking the borderline between bone and ligamentous tissue of the normal 
anterior cruciate ligament, was already formed at 10 weeks. Macroscopically, a close 
resemblance to the normal anterior cruciate ligament was seen at 12 weeks. The torsion in the 
transplants disappeared, and from 6 months and longer the fibers of the newly formed 
ligament ran parallel from the femoral to the tibial attachments. After one year, 14 knees were 
available for tensile testing, 3 served as controls. The tensile strength of the transplants 
amounted to 40% and the stiffness to 45% of the controls. The controls ruptured at their tibial 
insertions, the transplants inlerligamentary. Arthritic changes were found in those knees in 
which the transplants had failed. 
Jackson et al. (1991) compared 3 groups of goats. In group I (20 goats) reconstruction was 
performed with a bone-palellar tendon-bone autograft and in group II (20 goats) with a fresh 
frozen bone-patellar tendon-bone allograft. In group III the anterior cruciate ligament was 
resected. In all groups the contralateral knee was used as a control. At 6 months there was a 
55% increase in the cross-sectional area of the autografts versus a 21% reduction in the 
allografts. The tensile strength of the allografts amounted to 26% and of the autografts to 
58% of the control at 6 months. The autograft was superior to the allograft in providing 
anterior-posterior stability and both were significantly better than the transected anterior 
cruciate ligament group, which also showed significantly more intra-articular arthritic 
changes than the autograft or allograft groups. 
III.2.2 Augmented versus non-augmented reconstructions 
After transection and resuturing of the anterior cruciate ligament at the femoral origin in 
dogs, Cabaud et al. (1982) augmented the repaired ligaments with a polyglycolic acid (PGA) 
ligament of braided Dexon. This procedure was performed in 12 dogs. The dogs were 
immobilized in a cast, two were not immobilized. At 2 weeks the PGA-braid was still intact 
and the tensile strength amounted to 372 N. At 5 weeks, the intra-articular part of the Dexon 
was completely resorbed, in contrast to the extra-articular part. The tensile strength had 
decreased to only 160 N (3 dogs). At 16 weeks all repaired anterior cruciate ligaments had 
healed with a maximum tensile strength of about 542 N (10 dogs), the tensile strength of the 
controls amounted to 1387 N (12 dogs). No differences were found between immobilized and 
non-immobilized knees. Many fibroblasts were still viable and active in the repaired anterior 
cruciate ligaments at four months. The authors concluded that the biodegradable PGA 
ligament successfully reinforced and splinted the repaired anterior cruciate ligament. 
However, this conclusion is questionable because the augmented group was not compared to 
a non-augmented group, while no tensile tests were performed during the first 5 weeks. In 
that period the intra-articular part became already completely resorbed. 
Rehm and Schultheis (1985) advised a polydioxanone (PDS) braid as a biodegradable 
augmentation device for the fascia lata and patellar tendon in anterior cruciate ligament 
reconstructions. They tested the PDS-braid as a biodegradable prosthetic ligament. After the 
anterior cruciate ligament was resected in a sheep model (6 knees), reconstruction was 
performed with a double PDS-braid. At 12 weeks only a regeneration product having 12% of 
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the tensile strength of the control anterior cruciate ligament was found. This contrarily to the 
situation where the PDS-braid was used for reconstruction of the medial collateral ligament, 
where at 12 weeks a regeneration product was found with a tensile strength of 75% of the 
medial collateral ligament. In none of the specimens the regeneration product had been torn 
out of the bone-tunnels during the tensile tests, they all ruptured interligamentary. A clear 
differentiation between homogeneous synthetic fibers and directed fibrous material could be 
seen. The PDS-braid as an augmentation device was only used once in combination with an 
autogenous fascia lata strip. The histologic appearance was reminiscent of a regeneration 
product with two different functional bundles. The spaces were filled by fibrous tissue and 
capillaries, and in the bone-tunnels the transplant was separated from the bone by a fibrous 
tissue layer. An explanation for the differences between the regeneration product of the ante-
rior cruciate ligament and of the medial collateral ligament reconstructions can be found in 
the better soft tissue covering of the medial collateral ligament, which offers sufficient possi-
bilities for revascularization, in contrast to the relatively aggressive synovial environment. 
Yoshiya et al. (1986) compared non-augmented transplants, consisting of the medial one-third 
of the patellar tendon, the anteromedial wedge of patellar bone and a portion of the 
quadriceps fascia, whereby the distal attachment was left intact, to Dacron-augmcnted 
transplants (36 knees) and Dacron alone (18 knees) in dogs. Postoperatively, the knees were 
immobilized for 2 weeks; tensile tests were performed 12 weeks postoperatively. Identical 
surgical procedures were performed on 45 fresh cadaver knees, to obtain mechanical data im-
mediately postoperatively. Bone-ligament-bone specimens were used to measure the strength 
and stiffness of the reconstructions. The tensile strength of the patellar tendon immediately 
postoperatively amounted to 100 N, of the Dacron-augmented patellar tendon to 280 N and of 
Dacron alone to 280 N. After 12 weeks the following tensile strengths were found; 250 N for 
the patellar tendon, 220 N for the Dacron-augmented patellar tendon and 100 N for the 
Dacron alone. The stiffness of the reconstructions immediately postoperative amounted to 15 
kN/m for the patellar tendon, 22 kN/m for the Dacron-augmented patellar tendon and 17 
kN/m for the Dacron alone. After 12 weeks, 32 kN/m for the patellar tendon , 30 kN/m for 
the Dacron-augmented patellar tendon and 24 kN/m for the Dacron alone was found. During 
mechanical testing of the immediately postoperative reconstructions 60% of the transplants 
failed at the staple site and 40% at the tendon-bone junction. The Dacron-augmented trans-
plants and the Dacron alone failed at the staple site. After 12 weeks, all the transplants, 60% 
of the Dacron-augmented transplants and 75% of the Dacron alone failed interligamen-tary. 
The Dacron material was frayed or broken in 53% of the knees reconstructed with Dacron 
alone and in 25% of the knees reconstructed with patellar tendon augmented with Dacron. 
The patellar tendon transplants were more hypertrophied than the augmented reconstructions. 
Histologically no necrotic areas were found in the non-augmented transplants at 12 weeks; 
the collagen fibers in the transplants were well oriented. Random orientation of the collagen 
fibers in the regenerative tissues surrounding the transplant was demonstrated. No differences 
in collagen fiber orientations were observed between the non-augmented and augmented 
transplants. Tissue ingrowth into the Dacron material was found in all reconstructions. 
Microangiography showed that all of the patellar tendon transplants were totally 
revascularized. This in contrast to the Dacron-augmented transplants and Dacron alone, 
which appeared to be poorly vascularized in the midsubstance and around the Dacron 
prosthesis. 
McPherson et al. (1985) compared non-augmented transplants ( using the central one-third of 
the patellar tendon-prepatellar tissue-part of the rectus femoris tendon) and LAD-augmented 
transplants in a two-year animal study of 54 goats. They used a 6 mm LAD-braid with a 
tensile strength of approximately 1500 N. At the time of implantation a higher tensile strength 
was found for the augmented transplants as compared to the non-augmented one (364 N 
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versus 26 Ν). The control anterior cruciate ligaments had an average strength of 2035 N. 
No differences in tensile strength between augmented and non-augmented transplants were 
evident after 3, 6 and 12 months. They proposed that the augmented transplants were stronger 
at 2 years (841 N versus 528 N) and also stiffer (108 N/mm versus 83 N/mm), although 
statistical significance could not be determined because of the small number of animals in 
each group and the large scattering of the data. A different failure mode was found in the 
augmented and the non-augmented transplants. Failure of the non-augmented transplants 
nearly always occurred in the region originally occupied by the prepatellar tissue. This in 
contrast to the augmented transplants, where LAD and transplants were pulled out of the 
tibial bone-tunnels at all postoperative periods. At 12 months, some fraying of the LAD was 
seen. Various degrees of osteoarthritis were commonly observed. Histological evaluation of 
the specimens indicated that by 3 months the autogenous transplants, both augmented and 
non-augmented, had undergone tissue remodelling and reorganization of collagen fibers. 
Only the outermost fibers of the LAD-braid exhibited fibroplasia with the deposition of 
collagen. The local response to fibers at the periphery of the braid was typical for chronic 
foreign body response; fibers were often surrounded by a cuff of mononuclear or foreign 
body giant cells, surrounded by vascularized fibrous tissue. The fibrous tissue surrounding 
the LAD was continuous with the fibrous tissue of the transplant. They concluded that the 
presence of the LAD-braid had little effect on the histologically observable remodelling of 
the autogenous transplant tissue up to 12 months of implantation because similar remodelling 
was observed in the non-augmented transplant. 
McCarthy et al. (1991) reconstructed the anterior cruciate ligament with the lateral part of the 
patellar tendon in an animal model with primates. Augmentation was performed with a 
double fixed LAD device which was placed in a different manner, either parallel to the 
patellar tendon within the bone-tunnels, or over the top. In one group the LAD was released 
proximally after 6 months and tensile testing was performed at 12 months. With a follow-up 
to 12 months, the differences between the augmented and non-augmented transplants became 
considerably smaller. With the transplant alone, improved instability was noted between day 
0 and day 6. In contrast to the augmented reconstructions, an increased laxity was noted by 
24 weeks. However, all the reconstructions showed a further improvement in joint stability 
between 6 and 12 months, because of the maturation of the transplants. They found a delay in 
the healing process of the transplants in the augmented group, but despite the rigid fixation of 
the synthetic ligaments, the transplants continued to heal. After release of the augmentation at 
6 months, the transplants increased in tensile strength at 12 months. The maturation, secon­
dary to the increased load, however, was also associated with an increase in joint laxity. 
It was concluded that a release should be delayed until at least 12 months. In a sequential 
study, progressive degenerative changes of the articular cartilage were seen over time only in 
the LAD-augmented group; the non-augmented group had only minimal degenerative 
changes. They concluded that when an augmentation device is placed under higher loads and 
is fixed at two sites instead of one, it will compromise the articular cartilage (McCarthy et al. 
1992). 
Muneta et al. (1991) used a Leeds-Keio mesh (polyester) as an augmentation device in their 
study with rabbits, whereby autogenous achules tendon was applied as a free transplant. The 
animals (16 knees) were divided into 3 groups: a non-augmented group, an augmented group 
with one-end fixation and an augmentation with both-end fixation. Each group was 
immobilized with plastic casts for 4 weeks and sacrificed 12 weeks after surgery. They found 
higher values of both stiffness and ultimate tensile strength in the tension tests for both 
augmentation groups. Failure occurred in the center of the ligaments in all non-augmented 
cases, while failure occurred at the site of fixation in all of the Lceds-Keio augmented cases. 
However, it was inferred from microscopic findings that maturation of the autogenous 
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transplants was somewhat delayed in the Leeds-Keio one-end fixation group compared to that 
of the non-augmented transplants, and that it was markedly delayed in the Leeds-Keio both-
end fixation group. 
Asahina et al. (1992) also used the autogenous achules tendon as a free transplant in 26 
rabbits to investigate the problem of stress shielding by LAD in anterior cruciate ligament 
reconstructions. A non-augmented group was compared to an augmented group, in which 
both ends of the transplant and the LAD were fixed to femur and tibia, and a group in which 
the LAD was fixed only to the femur. Tensile tests were performed at 12 weeks. They found 
that the both-end group had better results than the one-end group and the non-augmented 
group. No description of the failure mode was given. Histological examination revealed that 
the arrangement of the fibroblasts in the transplants was in the same direction in all groups. 
Relative hypercellularity was found in the non-augmented and one-end group, while the both-
end group was similar to that of the normal anterior cruciate ligament. They concluded that 
double fixation provides for a more useful and successful application of LAD than the one-
end fixation or transplant alone. In addition the LAD gives no harmful stress shielding to the 
autogenous transplant in early rehabilitation. The cellularity of the transplants in the both-end 
fixation group which, according to Asahina et al. (1992), should be similar to the normal 
anterior cruciate ligament, is not be confirmed by the other studies mentioned in this chapter. 
The follow-up period in both studies of Muneta et al. (1991) and Asahina el al. (1992) were 
very short, only 12 weeks. 
III.3 Discussion 
The large diversity of test animals, transplants and synthetic ligaments used for reconstruc-
tion of the anterior cruciate ligament, the different operation techniques, the different testing 
procedures and follow-up periods make a good comparison between the various studies 
difficult. Histological data are scarce and largely varying with respect to the fate and re-
modelling of the transplant. In most of the studies only rough trends can be seen in the 
histological and, especially, the mechanical data; statistical analysis could not be performed 
because of the small number of animals and the large scattering in the data. Despite these 
limitations some conclusions can be made: The intra-articular position of a transplant or a 
synthetic ligament in a synovial environment gives totally different results than in an extra-
articular position. The failure modes of the reconstructions play an important role in the 
eventual tensile strength and stiffness of the reconstructions at the different time periods. The 
ultimate strength of the transplants varied between 40 and 50% of the original anterior 
cruciate ligament strength after about one year and non-resorbable synthetic ligaments give a 
better initial stability, depending on the fixation technique ("both-end"), also over a longer 
period of time. 

CHAPTER IV 
MATERIALS AND METHODS 
IV. 1 Introduction 
In this study the goat was used as a model for studying reconstruction of the anterior cruciate 
ligament. Two groups were created, one group in which the autogenous tissue was augmented 
with the polydioxanone (PDS) braid and another group without augmentation. The aim of the 
operation was to reconstruct the anterior cruciate ligament in such a manner, that primary 
stabilization was obtained without the necessity of immobilization. The final purpose of this 
study was to evaluate the mechanical and histological characteristics of both PDS-augmented 
and non-augmented groups throughout an observation period of 48 weeks. 
During the last two decades, animal products have been superseded by absorbable synthetic 
suture materials in nearly all the surgical branches. The first generation of polymers, glycollic 
acid (Dexon®) and polyglactine 910 (Vicryl®), was characterized by favorable tissue-
compatibility and constant physical properties. Both polymers degrade by hydrolysis and are 
absorbed by the body with minimal tissue reaction (Ray et al., 1981; Rehm and Schultheis, 
1985). Because of the inherent rigidity of the polymers, monofilament sutures produced out 
of polyglactin 910 and polyglycolic acid are too stiff for generalized surgical use (Ray et al., 
1981). These polymers can be used as monofilament sutures only in the very finest sizes. 
Polydioxanone (PDS®) is a polymer which can be converted into flexible monofilament 
sutures of all sizes. Polydioxanone is prepared by polymerizing the monomer, para-
dioxanone, in the presence of a suitable catalyst. The polymer, either dyed or natural, is 
processed into small granules, dried and melt-extruded through appropriate dyes into 
monofilaments of any desired suture size. Any form needed may be produced by casting , 
injecting or pressing (Gay and Bücher, 1985; Mulch et al., 1986; Wissing et al., 1987). 
Ray et al. (1981) have described the chemical properties of and biological reactions to 
polydioxanone as a monofilament suture. Polydioxanone degrades by hydrolysis in the body, 
the tissue response is foreign body in nature. The strength of the polydioxanone suture prior 
to implantation was found to be greater than that of commonly used monofilament sutures 
(polypropylene and nylon). Polydiox-
anone monofilament sutures, sizes 00 
and 6-0, retained an average of 74% of 
the unimplanted strength following two 
weeks of in vivo residence in the rat 
subcutis (Ray et al., 1981). At four 
weeks an average of 58% of the original 
strength of the polydioxanone suture 
remained. After six weeks the remaining 
strength averaged 41%. At eigth weeks 
the polydioxanone sutures still retained 
an average of 14% of the original 
strength. The resorption progressed until 
being essentially completed at 182 days 
after implantation (Ray et al., 1981). 
Polydioxanone sutures elicited foreign 
body reactions which were judged to be
 F ig 4 l a b . A: PDS.braid. firmly structured (width 7 5 mm) 
minimal or slight for all periods that the B: Detail view of PDS-braid. 
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suture remained. The PDS-braid has been proposed as an augmentation device for autoge-
nous tissue in an-terior cruciate ligament reconstructions (Rchm and Schultheis, 1985; Blauth 
and Hasscnpfug. 1985). The PDS-braid used in the present experiments measures 30 cm long 
and 7.5 mm width and is firmly structured (Fig.4. la, b). The maximum tensile force amounts 
to 70 Newton/mm width (Ethicon GmbH & Co. KG). 
IV.2 Test animals 
The female Saanen goat was selected as experimental animal model because of its relatively 
large size, anatomic similarity to the human knee, and similarity of the mechanical properties 
of the knee ligaments relative to human ones (McPherson ci al., 1985). The Saanen goat is a 
strong test animal and easily obtainable. Care and housing in a flock at the farm are simple. 
At the Central Animal Laboratory (CAL) of the University of Nijmegen goats have been 
frequently used for experimental orthopedic surgery, especially in hip surgery. Sixty fully 
grown female goats were selected for this study. The mean weight was 47.5 ± 6.7 kg. 
IV.3 Pilot study 
In a pilot study with 6 goats, the operation technique was evaluated. A strip of the retina-
culum of the knee proved to be a good transplant to reconstruct the anterior cruciate ligament, 
without disturbing the normal knee function. In the first 3 goats the tranplants were only fixed 
with bone-pegs in their tibial and femoral bone-tunnels. This technique proved to be insuffi-
cient, because placing the transplant under proper tension and keeping it that way during 
testing of the knee function was not possible. As the goats were not immobilized postopera-
tively, the augmented transplants in particular were gradually pulled out of the space between 
bone-pegs and bone-tunnels. Because of these findings, the fixation method was changed. 
Both augmented and non-augmented transplants were now fixed by means of screws and 
washers, followed by additional fixation with the bone-pegs. 
After the animals were sacrificed, bonc-ligament-bone specimens were used to try out the 
mechanical testing method and to select the histological procedures in order to follow the 
development of the transplant. 
IV.4 Operative technique 
All animals were fasted 24 hours preceding the operation. They were given 500 mg 
Ampiciline (Albupen®) subcutancously for antimicrobial prophylaxis 30 minutes before the 
start of the operation. Anaesthesia was induced by intravenous administration of 0.5 mg 
Atropine and 30 mg Pentobarbital sodium per kg body weight via a jugular vein. A cuffed 
endotracheal tube was inserted and anaesthesia was maintained with a mixture of nitrous 
oxyde, oxygen and ethrane in a closed system. 
The animals were positioned on their backs. Aseptic precautions were taken similar to any 
surgical intervention. The right or left hindleg was circumferentially shaved to the levels of 
the hip and the ankle. The skin was then washed with 4% chloorhexidinedigluconaat 
(Hibiscrub®) and desinfected twice with a 2% iodine solution. The leg was packed in sterile 
cloths about 15 cm above and below the joint line of the knee. 
A medial parapatellar skin incision was made extending over the distal fourth of the femur to 
the level of the tibial tuberosity. The subcutaneous fascia and the deep fascia were incised in 
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the same line to expose the medial side of the knee. The cranial skin flap and fascia were 
undermined and retracted laterally past the midline to expose the patella, patellar tendon, 
retinaculum patellae laterale and the distal part of the vastus lateralis. Arthrotomy was 
performed through a medial parapatellar incision. After luxation of the patella, the knee joint 
was flexed to allow exposure of the joint cavity, the infrapatelar fat pad, richly endowed with 
vessels was loosened carefully from its insertion to the anterior part of the intercondylar 
notch. Next, the entire anterior cruciate ligament was excised at its tibial and femoral 
insertions. Periosteal elevations of the anteromedial part of the proximal tibia and the lateral 
side of the femoral condyle were performed. Tunnels of 8 mm diameter were drilled in both 
tibia and femur with a cannulated drill, from the anteromedial surface of the tibia to the tibial 
insertion of the anterior cruciate ligament and from the posterolateral femoral condyle to the 
femoral insertion of the anterior cruciate ligament. The bone pegs obtained were preserved in 
physiologic saline. The location of these tunnels was extremely critical for achieving a 
transplant which remained tensed throughout the normal range of motion. The tibial entrance 
hole had to be placed anteriorly and medially with respect to the anatomical center of the 
attachment of the original anterior cruciate ligament, in such a way that the posterolateral part 
of the circumference of the tunnel was located at the anatomical center of the attachment of 
the original anterior cruciate ligament. Similarly, the entrance hole into the lateral femoral 
condyle had to be positioned posteriorly and superiorly with respect to the original 
anatomical center of the ligament attachment site to the femur, so that the anteroinferior part 
of the circumference of the hole was located at the center of the original attachment site of 
the anterior cruciate ligament. After this procedure the leg was extended and the patella 
reduced. A strip of the prepatellar tendon and medial parapatellar retinaculum was dissected 
free together with a part of the fascia lata, measuring 15 cm long and 1 cm wide at its distal 
part, and 1.5 cm wide proximally, to serve as the transplant. 
Non-augmented group: 
In the non-augmented group the transplant was pulled through the tibial and femoral tunnels. 
First the transplant was attached to the anteromedial part of the tibia with a cortical screw and 
washer. Then the transplant was placed under tension at the femoral side, by setting a clamp 
transversely on the proximal part of the transplant with the knee in approximately 30° of 
flexion. 
After performing the Lachman test, the proximal part of the transplant was attached with a 
cortical screw and washer to the anterolateral part of the femoral condyle. After this the knee 
was moved through an almost full range of flexion, and the Lachman test repeated. If the 
results of these manoeuvers were satisfactory, the bone pegs were driven into the tunnels 
from the outside in, resulting in an extra fixation of the transplant and a better contact with 
the surface of the bone-tunnel (Van Rens, 1977). 
PDS-augmented group: 
In the PDS-augmented group the PDS-braid, measuring 30 cm long and 7.5 mm wide (tensile 
strength: 70 Newton/mm width) was folded, both longitudinally and transversely. Only the 
intra-articular part of the PDS-braid was enveloped with the transplant by means of interrup-
ted absorble sutures (Vicryl®). 
The augmented transplant was pulled through the tibial and femoral tunnels. Both ends were 
grasped transversely with clamps, which kept the transplant, as well as the PDS-braid, under 
tension. First the augmented transplant was attached to the tibia, with the knee in approxima-
tely 30° of flexion, and placed under tension. Then the Lachman test was performed, 
followed by attachment of the transplant to the femoral condyle. Again the knee was put 
through an almost full range of flexion and the Lachman test was repeated. If satis-factory, 
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Fig. 4.2. A: Exposure of the left knee after a medial parapatellar arthrotomie. luxation of patella to lateral. 
Anterior cruciate ligament still in situ. 
B: Resection of anterior cruciate ligament and drilling of tibial bone-tunnel 8 mm wide. 
C: Bone-pegs with rests of tibial (t) and femoral (f) insertion. 
D: Knee flexed 90 degrees. Ideal position of the bone-tunnels. 
E: Winning of the transplant consisting of a strip of the prepatellar tendon and lateral parapatellar retinaculum 
and part of fascia lalae. 
F: Enveloping of the intra-articularpart of the PDS-braid with the transplant. 
G: PDS-augmented transplant running in both femoral and tibial bone-tunnels before fixation. 
H: Fixation of the PDS-augmented transplant with cortical screw and washer to the anteromedial part of the 
tibia. 
I: PDS-augmented transplant fixed on both sites before re-attachment of infra-patellar fat pad. 
Fig. 4.3: Radiographs of the right knee after operation. Bone-pegs in situ (arrows), f: femur; t: tibia. А (ар), В (lat.). 
the bone pegs were driven into the tunnels. The redundant parts of the transplant and the 
braid were excised. (Fig. 4.2a-i; Fig.4.3a, b). 
After accurate hemostasis the fat pad was re-attached to the anterior part of the intercondylar 
notch, as a result of which the fat pad came in close contact with the transplant. After 
reduction of the patella, the joint capsule, deep and superficial fascia were closed in separate 
layers with interrupted absorbable sutures (Vicryl®). The skin was closed with interrupted 
vertical mattress sutures (Vicryl®) as well. Thereafter the wound was desinfected with 
Nobecutaner wound spray. The total duration of the operative procedure varied between 90 to 
120 minutes. 
The goats were never operated on both knees in one session. The minimal period between 
both operations was 8 weeks, except in those cases where the second knee was planned for 
evaluation immediately after the operation. 
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IV.5 Postoperative treatment and follow-up 
With the animal still anacsthesized, radiographs were taken of the knee in anteroposterior and 
lateral projections to evaluate the positions of the bone pegs. These radiographs were also 
used as references for those made after killing of the animal. On the second and fourth 
postoperative day, 500 mg Ampicilline (Albupen®) was given subcutaneaously for antimicro-
bial prophylaxis. The goats were not immobilized, they limped or did not load the operated 
leg during the first three weeks. From the fourth till the six week gradual loading was noticed, 
and after six weeks most animals had a normal gait. The goats stayed at the Central Animal 
Laboratory (CAL) in a large pen for about six weeks. After this period they were transferred 
to the flock at the farm of the CAL, where they could walk freely in a barn or in the field. 
IV.6 Complications 
Two goats died in the postoperative period, 3 and 9 days after the anterior cruciate ligament 
reconstruction. In both cases the mortality cause was a pneumonia which did not respond to 
antibiotics; both goats were replaced. One goat was replaced because of severe synovitis of 
the right knee at the time of operation, with some cartilage destruction; the left knee also 
showed synovitis. Goat no 57 had already been operated on the right knee. No abnormalities 
were seen during this operation, but at the time of the second operation the left knee showed 
some cartilage destruction and the patella luxated easily. Hence, the left knee fell out of the 
series, whereas the right knee served for histological evaluation (H 57 Re). Superficial or 
deep infections did not occur. A patella luxation was seen in one goat at 12 weeks and an 
organized subcutaneous hematoma in another goat at 6 weeks. 
IV.7 Sacrifice 
The animals were killed after survival periods of 0, 1, 2, 4, 6, 12, 24, and 48 weeks 
respectively by an intravenous administration of an overdose of pentobarbital sodium. After 
killing radiographs were made at 12, 24 and 48 weeks. The knee function was tested for 
limitations in flexion and extension. Thereafter a long straight anteromedial incision was 
made in the skin and the superficial and deep fascia layers. Both skin-fascia flaps were 
undermined and retracted medially and laterally to expose the patella, patellar tendon and 
joint capsule. Now the patellar tendon was excised at its insertion to the tuberositas tibiae and 
medial and lateral arthrotomies were performed. The patella could now be luxated proximally 
and the major part of the fat pad was excised. A large part of the knee joint, with the re-
constructed anterior cruciate ligament, was now visible for inspection. With the transplant 
exposed, anterior-posterior laxity was checked according to the Lachman test. Then the knees 
were excised approximately 8 cm proximally and distally from the joint-line. The knees were 
dissected free of all muscles, connective tissues, menisci and ligaments except for the 
reconstructed anterior cruciate ligament. The gross appearance of the transplant and the 
aspect of the cartilage of the knee joint were visually inspected. 
IV.8 Mechanical testing 
Seventy knees were available for mechanical testing. In sixty knees the anterior cruciate 
ligament had been reconstructed, the remaining 10 knees served as a control group. 
40 
Mechanical testing was usually performed within 5 hours after the goats were sacrificed. Four 
out of 10 knees which served as controls were frozen at 60 degrees Celcius until testing on a 
later date. Before testing these 4 knees were thawed overnight. The operated knees were 
divided into a PDS-augmented and a non-augmented group. Mechanical testing was per-
Fig. 4.4: A: MTS testing machine, before testing control anterior cruciate ligament. 
B: Detail view of specimen mounted in clamps and fixed with cement, f: femur; t: tibia. 
formed after survival periods of 0, 2, 6, 12, 24 and 48 weeks respectively. At each time-
period 5 knees were available for each group. The knees were dissected to isolate bone-
ligament-bone specimens. Tibia and femur were mounted in clamps and fixed with cement 
(FastaCryl Rose®) at a flexion angle of approximately 70 degrees. The intra-articular portion 
of the transplant was aligned in a vertical orientation under the load cell axis. The system of 
fixation of both tibia and femur was designed to prevent rotations and deformations. The first 
18 specimens were mechanically tested in an Instron testing machine, the other 57 specimens 
in an MTS testing machine (Fig.4. 4a, b). Tests to failure were conducted at room tempera-
ture by elongating the specimens at a constant crosshead speed of 100 mm /min. A computer 
was used to record the test and to store the data. Force-displacement curves were plotted on-
line. Failure mechanisms were inspected by examination of the failed tissues. 
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Fig. 4.5: Force-displacement curve. 
The tensile tests were used to determine the following structural properties: 
1. MAXIMUM TENSILE FORCE (N) 
The maximum of the force-displacement curve, when major failure of the bone-
ligament-bone specimen occurs (Strength F , fig. 4.5). 
2. LINEAR FORCE LIMIT (N) 
The force at the linear limit indicates the largest load at which the deformation is re­
versible and no damage to the bone-ligament-bone occurred (Linear force Fi, fig. 4.5). 
3. STIFFNESS (N/ram) 
The slope of the force-displacement curve in the linear region (Tangent a, fig. 4.5). 
4. ENERGY TO FAILURE (Nmm) 
The energy needed for total failure of the bone-ligament-bone specimen, represented 
by the total surface underneath the force-displacement curve (Energy E, fig. 4.5). 
In the mechanical testing of all the reconstructions, no attempt was made to measure length or 
cross-sectional areas, because of the risk of damaging the transplants before testing, the 
variation in transplant cross sections along its length due to adhesions of structures such as 
Hoffa and the posterior cruciate ligament, and the difficulty of specifying the point of 
incorporation of the transplant in the bone-tunnels. All abovementioned structural properties 
give a more practical measure of the clinical results than the stress/strain relationship of the 
isolated transplant only. 
Statistical analysis of the structural properties of the PDS-augmented and non-augmented 
transplants was performed by the two samples tests of Student (T-test). Significance levels of 
1% and 5% were considered (p = 0,01 and ρ = 0,05). 
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IV.9 Histological examination 
Thirty-four knees were available for histological examination, 32 operated knees and 2 knees 
which served as controls. The operated knees were divided into a PDS-augmented group (16 
knees) and a non-augmented group (16 knees). Histological evaluation was performed at 0, 1, 
2, 4, 6, 12, 24 and 48 weeks respectively. At each time-period 2 knees were available for each 
group. The knees were dissected to isolate the bone-ligament-bone specimens, and thereafter 
radiographs were made with the Faxitron X-ray system. Then the specimens were fixed in 
phosphate buffered (o.lM;pH 7.2) formaldehyde (4%) for 10 days. Thereafter, the redundant 
bone was carefully removed from the tibial and femoral part of the specimens. Following this 
procedure the specimens again were stored in phosphate buffered (0.1М;рН 7.2) 
formaldehyde (4%) for 3 days. Decalcification was performed in EDTA 25% (pH 7.2) 
(ethylene-diamino-tetra-acetic acid) during a period varying from 5 to 7 months. Thereafter, 
the specimens were dehydrated and embedded in methylmetacrylate. Embedded blocks were 
cut into appropriately sized pieces and sectioned along predetermined planes with a 
motordrive Jung 1140 microtome. Sections of 7 μιη were made in longitudinal and transverse 
directions through the bone-tunnels and the intra-articular part of the transplant. 
The sections were stained with HE (Haematoxylin-Eosin), MGP (Melhylgreen-Pyronine), 
Orcein-van Gieson or PTAH (Phosphotungstic Acid-Iron-Haematoxylin). The stained 
sections were examined under brightfield and polarized light microscopy. 
IV. 10 Vascular examination 
Three animals were available to evaluate the vascularisation of the transplants, and the 
vascularisation of the normal anterior cruciate ligament 24 months postoperatively. In the 
deeply anaesthetized animals the aorta and vena cava were canulated, followed by perfusion 
with saline solution (37°C) and Indian ink mixed with 6% gelatin (37°C). After killing and 
cooling of the animals, the whole legs were resected and stored in a solution containing 7 
parts ethanol 96% and 3 parts formaldehyde (4%) for one week. Subsequently the knees were 
embedded in Plaster of Paris and 5 mm sections were made with a saw. The sections were 
cleared in methylbenzoate for two months and photographed. 
IV.ll Review of the specimens used for mechanical and histological 
evaluation 
The gross morphology and stability of all operated knees are reviewed in table 2 (Appendix). 
No complete failures (total resorption) of the transplants were found. The resemblance 
between the transplants and the normal anterior cruciate ligament, in relation to the 
longitudinally oriented Fibers, tension and vascular synovial fold was also reviewed from 12 
weeks postoperatively. The condition of the transplants was scored according to the following 
criteria: 0, presence of transplant; from 12 weeks or more, 00 good resemblance; 0+, 
moderate resemblance; 0++, bad resemblance; +++, no resemblance (resorption). 
The synovium was scored as: 0, normal; +, mild synovitis; ++, moderate synovitis; +++, 
severe synovitis. 
The gross morphology of the joint (arthritic changes) was graded as: 0, normal; +, mild 
degenerative changes of cartilage (weakening, erosions); ++, moderate degenerative changes 
of cartilage (erosions, marginal osteofytes); +++, severe degenerative changes (osteophytes, 
large areas of cartilage defects). 
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The stability, checked according to the Lachman test, was graded as: 0, normal stability; +, 
slight anterior displacement but displacement well checked by the transplant; ++, severe 
anterior displacement but displacement well checked by the transplant; +++, severe anterior 
displacement not checked by the transplant. 
The following description of the failure modes of the mechanically tested specimens was 
given: interligamentary, screw Fixation points (femur or tibia), bone tunnels (femur or tibia) 
and particularly for the control anterior cruciate ligaments, the bony avulsions (femur or 
tibia). (Appendix, table 2). 
CHAPTER V 
HISTOMORPHOLOGY OF THE PDS-AUGMENTED AND 
NON-AUGMENTED TRANSPLANTS 
V.l The normal anterior cruciate ligament of the goat 
V.l.l Gross anatomy 
The anterior cruciate ligament is attached to a fossa on the caudal aspect of the medial side of 
the lateral femoral condyle. Its femoral attachment is in the form of a segment of a circle 
(Fig. 5.1a, b). The ligament runs anteriorly, medially and distally across the intercondylar 
fossa and is attached to the anterior intercondylar area of the tibia. It consists of an 
anteromedial bundle (AMB) and a posterolateral bundle (PLB) (Fig. 5.1c). The bulk of the 
Fig. 5.1: A, B: Tibial and femoral insertions of the normal anterior cruciate ligament. The femoral insertion is in the 
form of a segment, f: femur, t: tibia. 
C: Anteromedial (a) and posterolateral (p) bundle of normal anterior cruciate ligament. 
D: Vascular synovial fold surrounding the normal anterior cruciate ligament (I). Synovial fold (s) 
connected to the infra-patellar fat pad (fp). 
anterior cruciate ligament tends to relax in flexion and comes under progressively increasing 
tension as the knee is extended. It is supplied by paraligamentous vessels originating from the 
infrapatellar fat pad and posterior synovial tissues. The fat pad of the goat's knee has a firm 
consistency and is highly vascularized (Fig. 5. Id). 
V.l.2 Microanatomy 
The ligament is composed of closely packed collagenous fibers with fibroblasts arranged in 
parallel rows. They are packed in small bundles separated by septa composed of loose 
connective tissue. Under polari/ed light the longitudinally oriented bundles of collagenous 
tissue reveal a regular "crimp" (sinusoidal pattern) (Fig. 5.2a-d). The ligament is inserted into 
femur and tibia by means of Sharpy fibers. The transitional zone consists of fibrocartilage 
and mineralized fibrocartilage (Fig. 5.3a, b). This zone imposes as a barrier to endosteal 
vessels entering the ligament. 
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Fig. 5.2: Micrographs of the normal anterior cruciate ligament (A: longitudinal section: B: cross section: C: detail of A: 
D: under polari/ed light). The collagencous fibers are arranged in parallel rows packed in small bundles, which 
arc separated by connective tissue septa (B). Under polarized light the ligament shows the typical sinusoidal 
pattern (regular crimp). (Hacmatoxylin-cosin; A x25. В x50. С x200. D x300). 
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Fig. 5.3: Micrograph of insertion of normal anterior cruciate ligament in the femur bone by means of Sharpey 
fibers (A: normal light: B: under polarized light), f: femur: fc: transitional ¿one of fibrocartilage; 1: ligament 
(Haematoxylin-eosin: x90). 
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V.2 Results 
Time period: 0 weeks 
Non-augmented: specimens no. H52L and no. H63L 
PDS-augmented: specimens no. PH51L and no. PH53L 
Gross morphology 
After the operation, the transplants had good contact with the infrapatellar fat pad, which was 
re-attached to the anterior part of the intercondylar notch. The augmented transplants were 
thicker than the non-augmented ones because of the double folded PDS-band. The fixation of 
both transplants, with screws and washers, was macroscopically correct. 
Histology 
Bone-tunnels: 
Histological sections obtained from specimens dissected immediately after the operation 
revealed good fixation of the transplants to the bone-pegs and tunnel-walls, both in the tibial 
and lateral femur condyles. In the non-augmented group, a large part of the tranplant was in 
close contact with the tunnel-wall and with the bone-peg (Fig. 5.4a, b). In the PDS-
augmented group the transplant was in close contact with the PDS-braid. 
The peripheral parts of the bone-pegs and the tunnel-wall, as well as the lacunae between the 
tunnel-wall and the transplants, revealed the presence of bone fragments (Fig. 5.4c, d). 
¡ntra-articular: 
Intra-articularly, the major part of the PDS-braid was covered by the transplant. 
Time period: 1 week 
Non-augmented: specimens no. H60R and no. H49L 
PDS-augmented: specimens no. PH61R and no. PH50L 
Gross morphology 
In both groups a swollen hyperaemic synovium was seen, the viscosity of the synovial fluid 
appeared to be reduced. The cartilage of both tibia and femur had a normal aspect. The 
transplants were covered by a fibrinous blood clot, while the fat pad was fixed to the 
transplants (Fig. 5.5). The bone-pegs were in their original position. 
Histology 
Bone-tunnels: 
The non-obliterated areas between tunnel-wall and transplants were filled with a fibrinous 
exudate, fat and accumulations of erythrocytes. A pronounced cellular reaction, consisting of 
polymorphonuclear cells, lymphocytes and macrophages was present in the peripheral part of 
the bony wall of the tunnel and in the adjacent part of the tunnel lumen. In addition, 
fibroblasts and capillaries were present in this region. Osteoclasts and osteoblasts were seen 
at the surfaces of the trabeculae of the tunnel-wall. These phenomena differed from site to 
site. The transplants were avital, showing pyenotic nuclei. At those sites where the transplants 
were in contact with the exudate, signs of désintégration and ingrowth of fibroblasts were 
observed incidentally. In the bone-pegs, which contained pyenotic osteocytes, no cellular 
activity was observed at this stage ( Fig. 5.6a-d). A similar reaction pattern was established in 
the PDS-augmented transplants (Fig. 5.7a, b). 
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Fig. S.4: Micrographs of cross sections of non-augmented (A: survey: B: higher magnification of transplant) and 
PDS-augmented (C: survey: D: higher magnification of transplant) transplants in femur condyle, imme­
diately after operation, b: bone fragments: p: bone-peg: pi: PDS-implant: t: tunnel-wall; tl: transplant 
(Haematoxylin-eosin: A x20: В x85: С x40; D x90). 
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Fig. 5.5: Transplant covered by a fibrinous blood clot Fig. 5.8: Transplant covered by a fibrinous blood clot 
after 1 week, f: femur; t: tibia; tl: transplant. after 2 weeks, fi: fibrinous blood clot; 
tl: transplant. 
lntra-articular: 
Intra-articularly, the avital transplant was surrounded by a fibrinous exudate containing 
fibroblasts, capillaries and extravasal erythrocytes. At some sites the transplants showed 
invasion of fibroblasts accompanied by désintégration of the fibers. No cellular activity was 
observed in the PDS-braid. 
Time period: 2 weeks 
Non-augmented: specimens no. H57R and no. H63R 
PDS-augmented: specimens no. PH53R and no. PH62L 
Gross morphology 
The synovium was still swollen and hyperaemic and the viscosity of the synovial fluid 
reduced. The articular cartilage had a normal aspect. Some blood vessels were seen in the 
fibrinous blood clot surrounding the transplants which were still adherent to the infrapatellar 
fat pad. The bone-pegs were found to be in situ (Fig. 5.8). 
Histology 
Bone-tunnels: 
The fibrinous exudate in the lacunae, containing numerous inflammatory cells, revealed 
ingrowth of fibroblasts and capillaries. The trabecular bone of the tunnel showed substantial 
bone remodelling also in the areas distant from the wall. In one specimen (H57R), an area of 
cartilage appeared to be formed locally. 
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Fig. 5.6: Micrographs (A: survey; B: detail of А. С and D: details of tunnel-wall) of cross section of non-augmented 
transplant in the femur condyle after 1 week. Note the inflammatory reaction and starting bone formation in the 
tunnel-wall, e: extravasal erythrocytes: ob: osteoblasts: oc: osteoclasis: p: bone-peg: t: tunnel-wall: tl: 
transplant (Haematoxylin-eosin: A x90: В xl80: С xl80. D ХІ50). 
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Fig. 5.7: Micrographs (A: survey: В: detail of A) of cross section of PDS-augmented transplant in tibia condyle 
after 1 week. Note starting bone remodelling in tunnel-bone, b: bone fragments: c: extravasal erythrocytes: 
p: bone-peg: pi: PDS-implant: t: tunnel-wall: tl: transplant (Haematoxylin-eosin: A x40; В xl60). 
The transplanted ligaments revealed a varying degree of désintégration and invasion of 
fibroblasts. At some sites the transplant was still intact, while at other locations extensive 
désintégration and fibroblast invasion was observed. 
Generally, the remodelling of the transplant was more marked in the peripheral part of the 
tunnel than close to the bone-peg (Fig. 5.9a-d). In specimen PH53R where no bone-peg was 
used, the whole non-obliterated part of the tunnel was filled with an exudate showing massive 
invasion of capillaries and fibroblasts, while désintégration and invasion of the transplant was 
much more pronounced than in the cases where a bone-peg was used. In the bone-peg, osteo-
clasts were present locally in the periphery, involved in bone resorption, but no remodelling 
was seen. In the augmented group a comparable reaction was observed. The PDS-braid re-
vealed inflammatory cells and scattered giant cells at its outer side. Replacement of the trans-
plant however appeared to be less pronounced than in the non-augmented group (Fig. 5.10). 
Intra-articular: 
Intra-articularly, the transplants were surrounded by a thick capsule, containing numerous 
fibroblasts, inflammatory cells, accumulations of erythrocytes and fat. Locally, areas of dés-
intégration and fibroblast invasion were established (Fig. 5.11a, b). The PDS-braid, which 
was completely surrounded by the transplant, revealed the presence of some giant cells in the 
peripheral part. The transplant was less affected than in the non-augmented specimen (Fig. 
5.11c, d). 
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Fig. 5.9: Micrographs of cross sections of non-augmented transplants in femur conci) le after 2 weeks (A: survey: B: bone 
of the tunnel-wall: С and D: details of different areas of transplant). There is a comprehensive remodelling of 
tunnel-bone. The transplant shows a varying degree of désintégration and ingrowth of fibroblasts, p: bone-peg: 
t: tunnel-wall: tl: transplant (Haematoxylin-cosin; A x40: В x60: С χ 180: D χ 180). 
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Fig. 5.10: Micrographs of cross sections of PDS-augmented transplants in femur condyle after two weeks (A: survey; 
B: detail of bone-peg area in А. С and D: details of areas adjacent to the tunnel-wall. The transplant adjacent to 
the bone-peg is still unaffected, but shows extensive remodelling close to the tunnel-wall. 
Note remodelling of tunnel-bone, p: bone-peg: pi: PDS-implant: t: tunnel-bone: tl: transplant 
(Haematoxylineosin: A x40: В x90: С x90: D x90). 
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Fig. 5.11: Micrographs of cross sections of intra-articular part of non-augmented (A: survey: В: detail of A) and PDS-aug-
mented (C: survey: D: detail of C) transplant after two weeks. The non-augmented transplant shows numerous 
inflammatory cells, extensive désintégration and ingrowth of fibroblasts. In the augmented transplant the main 
part of the avital transplant is still intact, only locally désintégration and ingrowth of fibroblasts can be observed 
pi: PDS-implant: tl transplant. (Haematoxylin-eosin: A x45: В x90: С x25; D χ 180). 
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Fig. 5.12: Transplant covered by a ihick vascularized Fig. 5.17: The reconstructed anterior cruciate ligament 
fibrinous mass, blood vessels running from the shows a gelatinous white aspect after 6 weeks 
infra-patellar fat pad into the fibrinous mass and is connected to the infra-patellar fat pad (fp! 
after 4 weeks, fp: fat pad; tl: transplant. by means of a vascular synovial-like fold (s). 
tl: transplant. 
Time period: 4 weeks 
Non-augmented: specimens no. H15R and no. H5 IR 
PDS-augmented: specimens no. PH16R and no. PH52R 
Gross morphology 
The synovium was still hyperaemic, but less swollen than after two weeks. The aspect of the 
articular cartilage was normal, while the viscosity of the synovial fluid was still reduced. The 
transplants were covered by a thick vascularized fibrinous mass, connected to the 
infrapatellar fat pad. Blood vessels were seen running from the fat pad into the fibrinous mass 
(Fig. 5.12). No dislocation of the bone-pegs was observed. 
Histology 
Bone-tunnels: 
All areas which were not obliterated by the augmented or non-augmented transplants 
demonstrated extensive fibrosis. The fibrous tissue varied in density, being most dense close 
to the bone-tunnel and becoming looser towards the transplant (Figs. 5.13a, 5.14a). It 
contained many capillaries, lymphocytes and macrophages. 
The bony wall of the tunnel showed increased remodelling (Figs. 5.13a, 5.14b); at some 
locations newly formed trabeculae had bridged the gap with the bone-peg. 
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Fig. 5.13: Micrographs of cross section of non-augmented transplant in tibia condyle after 4 weeks. (A: survey; B: detail 
of A). There is marked désintégration of the transplant and replacement by fibrous tissue in the area bordering 
the tunnel-wall. In the area bordering the bone-peg the transplant is still intact. Note osteoclastic activity in the 
bone-peg. oc:osteoclast; p: bone-peg: t: tunnel-bone; tl: transplant (Haematoxylin-eosin; A x40; В xl80). 
An area with cartilaginous tissue was found in the tunnel-wall of specimen H15R. All 
specimens revealed the presence of small areas with "Sharpey fibers" irregularly distributed 
along the tunnel-wall. They emerged directly from the bone, without the interference of a 
fibrocartilaginous transitional zone (Fig. 5.15). The peripheral part of the bone-peg revealed 
bone resorption and invasion of fibroblasts and capillaries (Figs. 5.13a, b, 5.14c). 
The transplants displayed areas close to the bone-peg, where the dead tissue was still 
unaffected and areas with comprehensive désintégration and fibroblast invasion notably in 
the peripheral part of the tunnel (Fig. 5.13a, b). The PDS-augmented transplants generally 
showed less remodelling. Especially at those sites where the transplant was located between 
the PDS-braid and the bone-peg, the major part of the transplant was still intact. The PDS-
braid was surrounded by a fibrous capsule containing fibroblasts and numerous inflammatory 
cells. These cells were also found in the implant between the fibers of the braid. In the 
peripheral part of the implant many giant cells were involved in the degradation of the PDS-
fibers (Fig. 5.16a-d). 
Intra-articular: 
Intra-articularly the transplanted tissue was surrounded by a thick layer of highly vascularized 
connective tissue, containing accumulations of lymphocytes. The avital ligament showed a 
varying degree of désintégration and fibroblast invasion. This was less pronounced in the 
augmented transplants. The PDS-braid, showing the presence of giant cells, was surrounded 
by a distinct fibrous capsule containing numerous inflammatory cells. 
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Micrographs of cross section of non-augmented transplant in femur condyle after 4 weeks. (A: survey; 
B: detail, arrow in A; C: detail, arrow-head in A). There is extensive remodelling of the bone of the tunnel-wall 
(B) and resorption of the peripheral bone of the peg (C) (Heaematoxylin-eosin; Ax 35; Β χ 120; С x80). 
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Fig. 5.15: Micrographs of longitudinal section of tunnel-wall in tibia condyle. 4 weeks after transplantation of a non-
augmented transplant, showing local formation of "Sharpey fibers", s: Sharpey fibers; t: tunnel-bone 
(A: normal light; B: under polarized light) (Haematoxylin-eosin; A χ 90; Β χ 180). 
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Fig. 5.16: Micrographs of cross sections of PDS-augmentcd transplants in tibia condyle after 4 weeks (A: survey; 
B: detail). The transplant adjacent to the peg is avital but morphologically intact. The PDS-braid is encapsulated 
by fibrous tissue containing numerous inflammatory cells. C: detail of area adjacent to tunnel-wall, showing 
replacement of the transplant by fibrous tissue, pi: PDS-implant: tl: transplant: D: detail of giant cells in close 
contact with PDS-braid (Haematoxylin-eosin: A x45; В xl(X); С xl80: D x350). 
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Time period: 6 weeks 
Non-augmented: specimens no. H13R and no. H2L 
PDS-augmented: specimens no. PH14R and no. PH7L 
Gross morphology 
The synovial reaction was further decreased at six weeks. The viscosity of the synovial fluid 
was nearly normal. Some discoloration of the patello-femoral joint was seen in the specimens 
no. PHHRandno. H2L. 
The transplants showed a somewhat gelatinous white aspect and were connected to the 
infrapatellar fat pad by means of a vascular synovial-like fold. The total mass of the ligament 
appeared to be about twice the size of the original transplant, which was mainly due to the 
newly formed fibrous capsule around the transplant (Fig. 5.17). 
Fig. 5.18: Micrographs of longitudinal sections of non-augmented transplants at two different sites (A and B) of the tunnel 
in the femur condyle after 6 weeks. The tunnel-wall (t) shows a fairly compact bone, lined by osteoblasts. 
The tunnel lumen contains the remodelling transplant (tl) and loosely textured connective tissue filling the 
non-obliterated spaces. C: detail of replacement of the dead implant by fibrous tissue 
(Haematoxylin-eosin; A x25: В x25; С χ 180). 
Histology 
Bone-tunnels: 
The trabecular bone of the tunnel-wall was transformed into a more compact bone than found 
earlier. Bone remodelling was still continuing and especially marked in the area distant from 
the tunnel-wall. The non-obliterated spaces of the tunnel were filled with connective tissue of 
varying density containing many capillaries. Massive désintégration and fibroblast invasion 
were seen in the transplants. However, in the same specimens large avital parts of the 
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Fig. 5.19: Micrographs of longitudinal section of tunnel-wall of femur condyle. 6 weeks after transplantation of 
anon-augmented transplant. (Л: normal light: B: polarized light). "Sharpey fibers" emerging from the 
tunnel-bone are oriented in the stress direction (Hacmatoxylin-eosin: x300). 
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Fig. 5.20: Micrographs of longitudinal sections of PDS-augmented transplant in tibia condyle after 6 weeks (A: survey; 
B: detail of PDS implant). The bone of the tunnel-wall shows remodelling. The PDS-braid is encapsulated by 
fibrous tissue with inflammatory cells. Numerous giant cells are present close to the fibers of the braid, pi: 
PDS-implant; t: tunnel-bone: tl: transplant (Haematoxylin-eosin: A x35: В xlOO). 
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transplants were still present (Fig. I5.18a-c). "Sharpey fibers" were observed along the whole 
tunnel-wall. They were mostly found emerging directly from the bone and incidentally small 
areas of fibrocartilage with "Sharpey fibers" were observed. They were oriented in the stress 
direction running from the tunnel-wall towards the remodelling transplants (Fig. 5.19a, b). 
The bone-pegs, demonstrating extensive resorption and fibrosis, occasionally revealed large 
bony connections with the bone of the tunnel-wall. The PDS-braid, which showed substantial 
resorption in its peripheral part was surrounded by a cell-rich fibrous capsule, containing 
numerous inflammatory cells. Numerous giant cells were observed on the outer surface of the 
braid ( Fig. 5.20a, b). 
Intra-articular: 
In comparison with the intra-ossal part, désintégration and replacement of the transplant 
appeared to be slower intra-articularly, in both augmented and non-augmented groups. The 
same applied for the cellular invasion and resorption of the PDS-braid, but giant cells were 
less numerous. The transplant was surrounded by a highly vascularized connective tissue 
containing numerous inflammatory cells (Fig. 5.21a, b). The peripheral part impressed as a 
synovial layer. 
Fig. 5.21: Micrographs of cross section of intra-articular part of PDS-augmented transplant after 6 weeks. 
(A: survey; B: higher magnification of A). The PDS-braid is encapsulated by fibrous tissue containing 
numerous inflammatory cells. The transplant showing invasion of fibroblasts is siili intact, pi: PDS- implant; 
tl: transplant (Haematoxylin-eosin; A x35; В xlOO). 
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Time period: 12 weeks 
Non-augmented: specimens no. H7R and no. H6R 
PDS-augmented: specimens no. PH2R and no. PHI OR 
Gross morphology 
At twelve weeks the viscosity of the synovial fluid appeared virtually normal, but the 
synovium was still thickened. Both augmented and non-augmented transplants looked like 
normal anterior cruciate ligaments covered by thick vascularized connective synovial-like 
folds, connected with the infra-patellar fat pad ( Fig. 5.22). 
Fig. 5.22: Reconstructed anterior cruciate ligament after Fig. 5.26: Reconstructed anterior cruciate ligament after 
12 weeks. There is a good resemblance to the 24 weeks. To expose the newly formed 
normal anterior cruciate ligament. The ligament ligament, the synovial fold has been removed, 
is covered by a thick vascularized synovial fold tl: transplant, 
(s). fp: fat pad: tl: transplant. 
Histology 
Bone-tunnels: 
At twelve weeks the tunnel contained both areas with loosely and densely textured 
connective tissue. This tissue gradually passed into the connective tissue replacing the 
transplant. No distinct orientation could be observed in the loosely textured connective tissue. 
In the densely textured tissue, fiber bundles were found with a longitudinal orientation in the 
stress direction, while others followed an oblique course from the tunnel-wall to the direction 
of the transplant. In the transplant replacing tissue the majority of the fibers were arranged in 
the stress direction (Fig. 5.23a-c). Only incidentally faint remnants of the transplant could be 
observed. 
In the wall of the tunnel, composed of an irregular endosteal cortex, bone remodelling still 
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Fig. 5.23: Micrographs of longitudinal sections at different sites of bone-tunnel in the femur condyle. 12 weeks after 
transplantation of a non-augmented transplant in Α. В and C. The lumen is filled with connective tissue of 
varying density and fiber orientation. In Л and С there is clear orientation in the stress direction. D: same 
condition als in Α. В and С but after transplantation of a PDS-augmented transplant, pi: PDS-implant; t: tunnel-
wall; tl: remodelling transplant (Haematoxylin-cosin; A x25: В x25; С xlOO; D xlOO). 
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Fig. 5.24: Micrographs of longitudinal section of tunnel-wall in tibia condyle at two different sites, 12 weeks after 
transplantation of a non-augmented transplant (A, C: normal light: B. D: polarized light). There is locally 
varying density of "Sharpey fibers" emerging from the tunnel-wall. In С and D there is a clear orientation in 
the stress direction (Haematoxylin-eosin: А. В. C. D χ 300). 
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Fig. 5.25: Micrographs of longitudinal sections of the imra-articular parts of non-augmented (A: survey; B: detail of A) 
and PDS-augmented (C: survey: D: detail of C) transplants after 12 weeks. The newly formed ligament is 
composed of a cell-rich connective tissue, with a parallel fiber arrangement. In and around the PDS-braid many 
inflammatory cells are present, pi: PDS-braid (Haematoxylin-eosin: A x25: В xlOO: С x25: D x90). 
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continued. Along the whole tunnel-wall "Sharpey fibers" were observed. The density of these 
fibers varied from site to site and the majority emerged directly from the bone, without a 
transitional fibrocartilaginous zone (fig. 5.24). The bone-peg. lined with osteoclasts, revealed 
extensive resorption and was often found to be incorporated into the tunnel-bone. These 
observations did not fundamentally differ from these made in the augmented specimens. The 
PDS-braid was heavily infiltrated by fibroblasts and contained many giant cells involved in 
resorption of the implant (Fig. 5.23d). At this stage, the size of the braid had reduced 
considerably. In comparison with the non-augmented transplant, the fibrous tissue contained 
more fibroblasts and lymphocytes. 
Intra-articular: 
Intra-articularly the major part of the transplant was replaced by a new ligament showing 
longitudinally oriented fibers and was surrounded by a vascularized connective tissue layer, 
containing both loosely and densely textured areas, with less regularly arranged fibers. The 
surface layer, which contained many vessels, resembled a synovial membrane. The newly 
formed ligament revealed the same hypercellularity as the intra-ossal part, but contained 
fewer capillaries. At this stage no distinct transplant remnants could be observed (Fig. 5.25a, 
b). In the augmented specimens, the PDS-braid showed extensive resorption, while the newly 
formed ligament still contained numerous inflammatory cells (Fig. 5.25c,d). 
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Fig. 5.27: Micrographs of longitudinal section of tunnel in femur condyle. 24 weeks after transplantation of 
a non-augmented transplant. (A: survey; B: detail of A). The tunnel is mainly filled by dense connective tissue 
oriented in stress direction, t: tunnel-bone (Haematox\lin-eosin: A x25; В хУО). 
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Time period: 24 weeks 
Non-augmented: specimens no. H23L and no. H36R 
PDS-augmented: specimens no. PH11R and no. PH37R 
Gross morphology 
Synovium and articular cartilage appeared to be normal at this stage in specimens no. PH 11R. 
PH37R and no. H23L. A swollen, slightly hyperaemic synovium as well as a slight hydrops 
were found in specimen no. H36R, next to some degenerative changes consisting of 
patellofemoral articular erosions, discoloration and weakening of the cartilage of the femur. 
The total mass of the transplant was less 
than in the other three. The femoral bone-
tunnel was somewhat excavated. The 
vascularized synovial membrane of all 
newly formed ligaments was thinner than in 
the 12 weeks specimens. Fiber bundles were 
clearly visible, but they were less marked 
than in the normal anterior cruciate ligament 
(Fig. 5.26). 
Histology 
Bone-tunnels: 
The fibrous tissue in the tunnel had nearly 
reached mature conditions at this stage. At 
the site of the transplant, dense connective 
tissue with longitudinally oriented fibers and 
spindle-shaped nuclei were present. In the 
non-obliterated part of the tunnel, also dense 
longitudinally oriented fiber bundles were 
found, next to loose vascularized connective 
tissue (Fig. 5.27a, b). With polarized light 
the typical undulated aspect (regular crimp) 
as is present in the normal ligament, was 
observed. The bony wall of the tunnel was 
mainly composed of compact bone. Bone 
remodelling had apparently ceased (Fig. 
5.27a). The distribution and insertion of the 
"Sharpey fibers" did not differ from the 
observations made at 12 weeks. The bone-
pegs had almost completely disappeared at 
24 weeks. Only in specimen H36R residual 
parts of the pegs in both femur and tibia could be distinguished (Fig. 5.28). In the PDS-
augmented specimens only a minor part of the implant surrounded by fibrous tissue, which 
contained many lymphocytes, was left. 
¡ntra-articular: 
Intra-articularly, the newly formed ligament was composed of mainly dense collagen fibers, 
with a longitudinal orientation and spindle-shaped fibroblasts, both in the augmented and the 
non-augmented specimens. No clear separation could be made between the tissue replacing 
the transplant and the newly formed fibrous tissue outside the transplant, except for a 
synovial-like vascularized outer layer. With polarized light a similar biréfringent pattern of 
Fig. 5.28: Micrograph of cross section of tunnel in femur 
condyle. 24 weeks after transplantation of a 
non-augmented transplant, showing small 
residual part of bone peg (p). t: tunnel-wall; 
tl: newly formed ligament 
(Haematoxylin-eosin; x25). 
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Fig. 5.29: Micrographs of cross section of intra-articular parts of non-augmented (A: survey; B: detail of A) and PDS-
augmented transplants (C: survey; D: detail of C) after 24 weeks. The transplant is nearly completely replaced 
by a new ligament. Only a small residual part of PDS-braid (pi) is still present (Haematoxylin-eosin; A x25; 
В x90; С x25; D x90). 
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Fig. 5.30 a, b: Reconstructed anterior cruciate ligament after 48 weeks. There is a good resemblance with the normal 
anterior cruciate ligament. The ligament is covered by a vascular synovial fold (s) connected to the 
infra-patellar fat pad (fp) (A). Synovial fold partly removed (B). 
the ligament was observed as in the intra-ossal area. In comparison with the normal anterior 
cruciate ligament, the new ligament contained more cells and capillaries and lacked the 
distribution in small bundles, separated by loose connective tissue, as is clearly visible in the 
transverse sections (Fig. 5.29a, b). In the PDS-augmented specimens a small remnant of the 
implant, surrounded by fibrous tissue, which contained many inflammatory cells, was still 
present (Fig. 5.29c, d). 
Time period: 48 weeks 
Non-augmented: specimens no. H21R and no. H25R 
PDS-augmented: specimens no. PH22R and no. PH24R 
Gross morphology 
Macroscopically no clear difference was found between the specimens studied after 24 and 
48 weeks. The ligaments resembled the normal anterior cruciate ligament and were covered 
by a vascular synovial fold, connected to the fat pad (Fig. 5.30a, b). Some degenerative 
changes were found in specimen H21R, consisting of patello-femoral erosions and 
discoloration and weakening of the cartilage of both femur and tibia, while the ligament was 
smaller than in the other specimens. The remaining specimens had a normal aspect of the 
synovium and the cartilage. 
Histology 
Bone-tunnels: 
The microscopic appearance of the newly formed ligament in the tunnels did not significantly 
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Fig. 5.31: Micrographs of longitudinal section of tunnel-wall in tibia condyle at two different sites, 48 weeks after 
transplantation of a non-augmented transplant (A. C: normal light: B. D: polarized light). 
The density of "Sharpey fibers" varies at different sites. The insertion in D resembles original condition 
(Haematoxylin-eosin; A. B. C, D x90). 
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Fig. 5.32: Micrographs of longitudinal ( A, С, D) and cross sections (B) of intra-articular part of non-augmented transplant 
after 48 weeks (А, В surveys; С and D: details of A under normal and polarized light). The newly formed 
ligament has a normal appearance, but lacks the distribution in small bundles, found in the anterior cruciate 
ligament (Fig. 5.2) (Haematoxylin-eosin; A x20; В x90; С x25; D x90). 
71 
differ from that observed after 24 weeks. They still contained more cells and capillaries than 
the normal ligaments, while occasionally accumulations of lymphocytes were observed. This 
was especially marked in the augmented series, although the PDS-braid was completely 
resorbed. "Sharpey fibers" were irregularly distributed along the tunnel-wall. Only 
occasionally a fibrocartilaginous transitional zone was found (Fig. 5.31). 
Intra-articular: 
Intra-articularly, a good ligamentous structure, covered by a vascularised synovial membrane, 
was present. Microscopically the structure of the ligament did not differ from that observed 
after 24 weeks. The new ligament showed the characteristic regular crimp patterns but lacked 
the compartimentalization (Fig. 5.32). Throughout the whole observation period, no 
difference was found between the reactive patterns in the tibial and femoral condyles. 
V.3 The vascularisation of the transplants and anterior cruciate 
ligament 
After injection with Indian ink and clearing, a good impression was given of the macro-
vascularity of the anterior cruciate ligament in the serial sections of the knees CV4L and 
CV30L. The normal anterior cruciate ligament was supplied by paraligamentous vessels, 
originating from the infra-patellar fat pad and posterior synovial fold. The periligamentous 
vessels divide into smaller branching vessels entering the anterior cruciate ligament. The 
ligamentous osseous attachments did not contribute significantly to the vascular scheme (fig. 
5.33). Sections from the knees PV30R (augmented) and V5L (non-augmented) 24 months 
after reconstruction showed that the reconstructed anterior cruciate ligaments were 
Fig. 5.33: Vascular supply of the 
normal anterior cruciate 
ligament, visualized after 
injection with Indian ink. 
The ligament is supplied by 
vessels from the anterior 
and posterior synovial folds 
(s). is: tibial insertion 
of ligament: 1: ligament; s: 
synovial fold. 
big. 5.34 a, b: Vascular supply of the reconstructed anterior cruciate ligament, 
visualized after injection with Indian ink 48 weeks after 
transplantation of a non-augmented transplant. The blood 
supply originates from vessels of the synovial fold (s) 
connected to the infra-patellar fat pad (fp) and some vessels 
originating from the posterior synovial tissue (A). In addition 
endosteal vessels in the bone-tunnels (tw) contribute to the 
vascularisation of the newly formed ligament (B). tl: transplant. 
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vascularized from vessels of the synovial fold, connected with the infra-patellar fat pad, and 
some vessels originating from the posterior synovial tissue (Fig. 5.34a). Conlrarily to the 
normal anterior cruciate ligament, endosteal vessels of the femoral and tibial bone-tunnels 
contributed significantly to the vascular scheme (Fig. 5.34b). 
V.4 Discussion 
This study describes the reconstruction of the anterior cruciate ligament with the use of a free 
non-augmented or a PDS-augmenled autogenous transplant. The behaviour of the transplant 
was followed throughout an observation period from 1 up to 48 weeks after reconstruction 
(Appendix, table 3). It was established that at the end of the observation period, 
macroscopically a rather normal ligament with a size of about twice that of the original 
transplant was present. 
The ligament was covered by a thick synovial fold connected to the fat pad. After vascular 
perfusion with Indian ink, cleared specimens of the joint revealed that the blood supply of the 
reconstructed ligament was mainly derived from the synovial fold and the endosteal vessels 
of the bone tunnels. Histological studies demonstrated that reconstruction of the ligament 
induces a sequence of events, which finally leads to the formation of a rather cell-rich 
ligamentous structure. The interface between the ligament and the bone-tunnel showed the 
presence of attachment zones which differed from the normal ligament insertion. 
During the first period, the transplant became surrounded by an inflammatory exudate 
consisting of inflammatory cells, macrophages, fibroblasts and capillaries. Subsequently the 
number of fibroblasts increased and connective tissue of varying density, oriented in the 
stress direction, was formed simultaneously. The trabecular bone of the tunnel wall 
underwent extensive remodelling, resulting in a surface layer consisting of compact bone. 
Along the bony wall, local areas of "Sharpey fibers", providing continuitly between the bone 
and the transplant-surrounding tissue, were found. The bone of the plug failed to show any 
remodelling, and was found to be completely resorbed. 
From one week on, the transplant revealed progressive loss of fibroblasts and increasing fiber 
désintégration, accompanied by ingrowth of fibroblasts and capillaries. This process resulted 
in a complete remodelling of the transplant. The newly formed connective tissue gradually 
assumed the microscopic properties of the normal ligament, with longitudinally oriented 
collagenous fibers with the characteristic regular crimp patterns. However, the new ligament 
did not show the typical composition of small bundles as found in the normal ligament. 
There was a smooth transition between the transplant-replacing tissue and the more 
irregularly arranged connective tissue, formed outside the transplant. 
The formation of a vital ligament after ligament reconstruction with a free autogenous 
transplant is in agreement with similar studies in both human and experimental models. 
However, the opinions on the ultimate fate of the transplant components differ. In a 
comparable study in dogs, Van Rens et al. (1986) reported fast necrosis of the graft and the 
formation of a new ligament by a process they called "creeping substitution", which fits in 
with the observations made in the present study, showing complete remodelling of the graft. 
Regarding the insertion of the newly formed ligament, van Rens et al. (1986) found an 
insertion pattern similar to the original insertion of the anterior cruciate ligament. These 
observations differ from the present study showing only locally Sharpey fibers with a fibro-
cartilaginous zone. This difference can be explained by the fact that remnants of the original 
insertion were erroneously considered as a newly formed insertion. Observation made in the 
present study showed that the site of the original insertion remains intact. 
In contrast to the present study, Muneta et al. (1991) failed to find any necrosis of the 
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transplant in anterior cruciate ligament reconstructions in rabbits with autogenous Achilles 
tendon, while Aim et al. (1974) and Amoczky et al. (1982) claimed preservation of transplant 
viability in their studies. 
According to Amiel et al. (1986a, b) there is initial disappearance of the fibroblasts, followed 
by repopulation of the connective tissue matrix by ectopic fibroblasts. This revitalization 
process was called "ligamentization". 
These observations are at variance with the data obtained in this study, showing a complete 
replacement of both fibroblasts and matrix. The most likely explanation for these varying 
opinions is the difference in survival times studied, which might lead to false interpretations. 
In this study the intervals between the time periods were relatively small, in contrast to other 
studies, especially in the first 12 weeks, where the events of remodelling marched swiftly. 
The segmental events observed after transplantation of PDS-augmented autogenous 
transplants did not fundamentally differ from those of the non-augmented transplants, except 
for a delay in remodelling of the transplant and in the maturation of the fiber bundles. This is 
most probably caused by the stress shielding effect of the PDS-braid. The braid initially 
separates the graft to a varying extent mechanically from the inflammatory exudate, which 
will interfere with both désintégration of the transplant and ingrowth of fibroblasts. 
In addition, the PDS-braid will exert a stress shielding effect which may be assumed to delay 
fibroblast stimulation and maturation. 
Support for this assumption can be derived from the studies of McPherson et al. (1985), 
Muneta et al. (1991) and McCarthy et al. (1991), who performed ligament reconstruction 
with autogenous transplants augmented with non-resorbable materials. In contrast to these 
studies, the maturation is only temporarily delayed in the present study with the PDS-braid. 
This difference is probably due to the fast resorption of the PDS-braid, resulting in an 
increased load on the remodelling ligament, associated with increased fibroblast activity. 
In summary, this histological study demonstrates that anterior cruciate ligament 
reconstruction with autogenous and PDS-augmented transplants results in complete 
remodelling of the transplant. Eventually a ligament with a nearly normal histological 
appearance is formed. The interface between the new ligament and bone shows irregularly 
distributed "Sharpey fibers", running from the tunnel-wall into the new ligament. However, a 
fibrocartilaginous zone which can be seen in the normal anterior cruciate ligament insertion 
can only be observed sporadically. 
CHAPTER VI 
MECHANICAL EVALUATION OF THE PDS-AUGMENTED 
AND NON-AUGMENTED TRANSPLANTS 
VI. 1 Introduction 
The mechanical properties of both isolated ligaments and bone-ligament-bone preparations 
are normally determined by tensile tests. 
When a ligament or bone-ligament-bone specimen is subjected to loading, microfailure takes 
place even before the yield point is reached. The yield point is the point of the load-displace-
ment curve at which the material begins to yield; if loading continues, permanent deformation 
results. When this point has been reached the ligament begins to undergo gross failure. 
In most experiments bone-ligament-bone specimens have been used, because it gives a better 
imitation of the natural state in which the anterior cruciate ligament finds itself; not only the 
ligament is tested but both insertions as well. 
In the normal anterior cruciate ligament different factors determine the strength. The quality 
of the ligament and insertions is dependent on age (Noyes and Grood, 1976). Immobilization 
strongly influences the structural properties (Noyes et al. 1974; Noyes, 1977). The strength is 
further influenced by the number, size and direction of the fibers and the angle between 
ligament and bone. The loading rate during the tensile test is another factor influencing the 
structural properties and failure mode (Noyes and Grood, 1976). At slow loading rates the 
bony insertions of the anterior cruciate ligament seem to be the weakest parts in the bone-
ligament-bone specimen, in which case bony avulsions dominate. At higher loading rates 
more interligamentary ruptures are seen (Noyes and Grood, 1976). Remodelling of a normal 
ligament depends on the mechanical demands placed upon it. This means that a ligament 
becomes stronger and stiffer when subjected to increased stress and weaker and less stiff 
when the stress is decreased (Noyes, 1977). A ruptured anterior cruciate ligament or a 
ruptured transplant will almost completely be resorbed, which demonstrates that mechanical 
forces are necessary for the remodelling process. 
VI.2 Results 
In the figures of the force-displacement curves an impression is given of the development of 
both transplants in course of time compared to one another and to the control anterior cruciate 
ligaments (Fig. 6.1). At the time of initial implantation the PDS-braid dominates in the force-
displacement curves of the augmented transplants, compared to the flattened curves of the 
non-augmented transplants. At 2 weeks the influence of the PDS-braid is still visible, 
although distinctly reduced, and at 6 weeks no differences between the curves of both 
augmented and non-augmented transplants can be observed. From this time period until 48 
weeks the curves of both transplants gradually resembled those of the control anterior 
cruciate ligaments. A review of the development of the structural properties maximum force, 
linear force, stiffness and energy to failure over time is shown in Fig. 6.2. Concerning the 
maximum force a non expected rapid decrease in strength of the PDS-augmented transplants 
was seen during the first 6 weeks, in contrast to the non-augmented transplants, in which case 
a gradual increase of the strength could be observed. Between 6 and 12 weeks a rapid 
increase in strength of both transplants was seen followed by only a minimal increase from 
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12 weeks up to 48 weeks. Similar trends were observed for the structural properties linear 
force and energy; the development of the stiffness was less pronounced. 
Statistically both groups were significantly different at the time periods 0 and 2 weeks; no 
significant difference was found from 6 weeks onwards (table 6.1). The structural properties 
of the control anterior cruciate ligaments were significantly higher than those of both 
transplants throughout the whole observation period. 
P-values T-test procedure 
PDS-augmented vs Non-augmented 
p<0.05 p<0.01 
Max. force 
Lin. force 
Stiffness 
Energy 
0 
0.002 
0.005 
0.000 
0.001 
2 
0.030 
0.037 
0.024 
N.S. 
6 
N.S. 
N.S. 
N.S. 
N.S. 
12 
N.S. 
N.S. 
N.S. 
N.S. 
24 
N.S. 
N.S. 
N.S. 
N.S. 
48 
N.S. 
N.S. 
N.S. 
N.S. 
Table 6.1: Statistical analysis PDS-augmented versus non-augmented transplank. 
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Statistical analysis between the different time periods within both augmented and non-
augmented groups showed 3 periods of interest, namely the first 6 weeks, and the periods 
between 6 and 12 weeks and between 12 and 48 weeks. For all the structural properties of 
both groups no statistical difference was found between the time periods 12, 24 and 48 
weeks. Between 6 and 12 weeks maximum force and stiffness of both groups were 
statistically different and in the first 6 weeks the same was seen for the maximum force. In 
the non-augmented group the stiffness was significantly different from that found 
immediately postoperative in contrast to the PDS-augmented group at 2 and 6 weeks. In the 
PDS-augmented group energy to failure was significantly different from that measured 
directly postoperative at 2 and 6 weeks in contrast to the non-augmented group. All statistical 
results are strongly influenced by the small number of tests (N=5) and the large standard 
deviation (table 6.2a-d). 
Some similarities and discrepancies were found in the failure mode of both transplants. 
Directly postoperative all the transplants of both groups failed at the screw fixation. At 2 
weeks, the failure of the augmented transplants was mainly at the screw fixation (Fig. 6.3), 
and interligamentary for the non-augmented transplants. At 6 weeks and longer a shift had 
Fig. 6.3: Failure of augmented transplant at femur screw fixation followed by pulling out of transplant with bone-peg at 
2 weeks, f: femur; p: bone-peg; pi: PDS-implant; t: tibia; tl: transplant. 
Fig. 6.4: Failure of non-augmented transplant in tibial bone- tunnel at 6 weeks, necrotic bone-peg (arrow) in tibial 
bone-tunnel, t: tibia.plant; t: tibia; tl: transplant. 
Fig. 6.5: Interligamentary rupture of augmented transplant at 6 weeks. Distally part of PDS-braid visible, f: femur; t: tibia 
Fig. 6.6: Interligamentary rupture of non-augmented transplant at 6 weeks, f: femur; t: tibia. 
taken place concerning the fixation of both transplants, no ruptures were seen at the screw 
fixation but in the bone-tunnels only, whereby the transplants with or without bone remnants 
were pulled out (Fig. 6.4), and not at the extra-articular screw fixation. At 6 weeks all the 
augmented transplants ruptured interligamentary (Fig. 6.5) and in the non-augmented group 
only two (Fig. 6.6). At 12, 24 and 48 weeks no clear difference in failure mode could be 
observed between both groups (Fig. 6.7a-d). At 12 weeks, and even more pronounced at 24 
and 48 weeks, higher tensile strengths were found for the interligamentary ruptured 
transplants; the same was seen for the control anterior cruciate ligaments (Fig. 6.8a-d; Fig. 
6.9a, b) (Appendix, table 2). 
VI.3 Discussion 
At the time of implantation the augmented transplants were essentially stronger (441 versus 
98 N) and stiffer (33 versus 12 N/mm) than the non-augmented transplants. However, already 
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P-values T-test procedure p<0.05 p<0.01 
Maximum force, PDS-augmented 
Between weeks comparison 
weeks 
0 
2 
6 
12 
24 
2 
0.050 
-
6 
0.003 
0.030 
-
12 
N.S. 
N.S. 
0.003 
-
24 
N.S. 
N.S. 
0.009 
N.S. 
-
48 
N.S. 
N.S. 
0.024 
N.S. 
N.S. 
Maximum force, non-augmented 
Between weehi comparison 
weeks 
0 
2 
6 
12 
24 
2 
0.034 
-
6 
0.032 
N.S. 
-
12 
0.012 
0.021 
0.029 
-
24 
0.001 
0.001 
0.001 
N.S. 
-
48 
0.015 
0.020 
0.024 
N.S. 
N.S. 
Linear force, PDS-augmented 
Between weeks comparison 
weeks 
0 
2 
6 
12 
24 
2 
N.S. 
-
6 
0.006 
0.032 
-
12 
N.S. 
N.S. 
0.007 
-
24 
N.S. 
N.S. 
0.007 
N.S. 
-
48 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
Linear force, non-augmented 
Between weeks comparison 
weeks 
0 
2 
6 
12 
24 
2 
0.034 
-
6 
N.S. 
N.S. 
-
12 
0.026 
0.048 
N.S. 
-
24 
0.048 
N.S. 
N.S. 
N.S. 
-
48 
0.040 
N.S. 
N.S. 
N.S 
N.S. 
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P-values T-test procedure p<0.05 p<0.01 
Stiffness, PDS-augmented 
Between weeks comparison 
weeks 
0 
2 
6 
12 
24 
2 
N.S. 
-
6 
N.S. 
N.S. 
-
12 
0.005 
0.006 
0.004 
-
24 
0.013 
0.017 
0.012 
N.S. 
-
48 
0.023 
0.028 
0.021 
N.S. 
N.S. 
Stiffness, non-augmented 
Between weeks comparison 
weeks 
0 
2 
6 
12 
24 
2 
0.040 
-
6 
0.006 
N.S. 
-
12 
0.004 
0.007 
0.017 
-
24 
0.012 
0.016 
0.026 
N.S. 
-
48 
0.021 
0.030 
0.050 
N.S. 
N.S. 
Energy to failure, PDS-augmented 
Between weeks comparison 
weeks 
0 
2 
6 
12 
24 
2 
0.002 
-
6 
0.001 
N.S. 
-
12 
0.002 
N.S. 
N.S. 
-
24 
0.002 
N.S. 
N.S. 
N.S. 
-
48 
0.022 
N.S. 
0.030 
N.S. 
N.S. 
Energy to failure, non-augmented 
Between weeks comparison 
weeks 
0 
2 
6 
12 
24 
2 
N.S. 
-
6 
N.S. 
N.S. 
-
12 
0.020 
0.021 
0.011 
-
24 
0.005 
0.001 
0.001 
N.S. 
-
48 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
Table 6.2: Statistical analysis between the different time periods within both augmented and non-augmented groups. 
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Fig. 6.7: Pulling out non-augmented transplant from the tibial bone-tunnel at 24 weeks. Despite the good appearance 
of the new ligament, a low tensile strength is found because of bad intra-ossal fixation. Consecutive stages 
of failure mode of non-augmented transplant. Upper side femur, lower side tibia. 
Fig. 6.8: Consecutive stages of failure mode of normal anterior cruciate ligament. Interligamcntary failure of ligament. 
during the first 6 weeks a surprisingly rapid 
decrease in tensile strength was found for the 
augmented transplants, whereas the non-
augmented transplants increased gradually 
with respect to tensile strength and stiffness. 
From 12 weeks on no clear differences could 
be observed in the development of all struc-
tural properties. At 48 weeks it appeared that 
the PDS-augmented transplants were strong-
er than the non-augmented transplants (55 
versus 40%), but this difference was not 
statistically significant. In the immediate 
postoperative period the failure mode plays 
an important role in the ultimate tensile 
strength: particularly the stiffness of the 
bone-ligament-bone specimen will be 
influenced. Directly postoperative both 
transplants failed at the screw fixation. 
Fig. 6.9: Failure mode of normal anterior cruciate 
ligament. A: Bony avulsion of tibial insertion 
(arrow): Defect in tibia (spot) after bony 
avulsion, f: femur: t: tibia. 
s: 
However, at 6 weeks all the augmented transplants ruptured interligamentary, in the non-
augmented group only two. The mechanical degradation of the PDS-braid was found to be 
much faster than could be expected from an earlier study of PDS-sutures (Ray et al., 1981), 
probably caused by the accelerated process of hydrolysis in the relative aggressive synovial 
environment. Between 6 and 12 weeks both transplants became further incorporated in the 
bone-tunnels, because failure did not occur anywhere at the screw fixation but 
interligamenlarily only, or in the bone tunnels. The highest tensile strengths and stiffnesses at 
12 weeks and longer, often coincided with an interligamentary failure mode. A somewhat 
lower energy to failure was found for those specimens in which case the transplants were 
pulled out of the bone-tunnels as compared to the interligamentary ruptured transplants. 
Comparison of the data obtained in this study with other experimental studies as mentioned in 
Chapter HI is difficult because of the great variety of materials and methods. To explain the 
results obtained in the present study the following considerations can be made. The initial 
strength of the augmented transplants amounts to only 441 N, while after subtraction of the 
initial strength of the non-augmented transplant (98 N) 343 N remains for the double-folded 
PDS-braid, which is very low as compared tot the 1050 N given by the manufacturer. This 
great difference in tensile strength can be explained by the failure mode, in which case the 
PDS-braids were pulled out of the screw fixations. At 2 weeks the tensile strength amounts to 
283 N for the augmented transplants and 136 N for the non-augmented ones. After 
subtraction only 147 N remains for the PDS-braid only. This implies that at 6 weeks the PDS-
braid has lost its strength completely, namely 139 N minus 154 N. In spite of the rapid 
biodégradation of the PDS-braid in a synovial environment and the failure mode, it seems 
unlikely that the mechanical properties of the PDS-braid have already completely 
disappeared. Rehm and Schultheis (1985) have shown in their study that if PDS-braid is used 
as an anterior cruciate ligament prosthesis, a regeneration product can still be found after 12 
weeks with a tensile strength of 12% of the control anterior cruciate ligament. If we transfer 
this finding to the present study, in which 12% is about 165 N, then at 12 weeks 257 N ( 422 
minus 165 N) would be found for the transplant alone. The main difficulty encountered in 
this reasoning is that the PDS-braid and remodelling transplant have become morphologically 
more or less one structure, which cannot be separated in two independent components. 
From a mechanical point of view it appears that the stress shielding effect of the PDS-braid 
only lasts for about 6 weeks. Thereafter the time-lag in mechanical strength is taken over, 
because of the rapid mechanical degradation of the PDS-braid. In other studies (McPherson et 
al., 1985; Yoshiya et al., 1986; McCarthy et al., 1991; Asashina el al., 1992) a comparable 
stress shielding effect was seen. McPherson et al. (1985) used the non-resorbable LAD-braid 
as an augmentation. The proximal part was fixed to the femur and the distal part fixed along 
the transplant with stitches. An initial strength of 364 N was found for the augmented 
transplants versus 26 N for the non-augmented transplants (the official strength of the LAD-
braid amounts to about 1500 N). At 12 weeks a tensile strength of 316 N for the augmented 
versus 295 N for the non-augmented transplants was found. This means that even more stress 
shielding plays a role, because it is to be expected that the non-resorbable LAD-braid has lost 
only little of its strength. Although the failure mode plays an important role in the early 
postoperative phase, at 12 weeks both transplants should already have been incorporated in 
the bone-tunnels. No difference in tensile strength (773 versus 771 N) or stiffness (115 versus 
92 N/mm) was found at 6 months. During the time interval between 3 and 6 months the time-
lag in development of the tensile strength and stiffness has been taken over because of the 
decrease of the stress shielding effect of the LAD-braid (the LAD-braid was only fixed at the 
femoral side), caused by the creep of the synthetic material and the possible shift between 
transplant and LAD-braid. An identical stress-shielding effect, but now at a later stage, was 
found by McCarthy et al. (1991). They fixed the ends of the LAD-braid to tibia and femur. 
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After a proximal release of the braid at 6 months, an increase in tensile strength was found at 
12 months compared to the non-released group. From the available studies it may be assumed 
that the stress shielding effect, which is seen at different time periods, appears to be related to 
the used synthetic materials and Fixation techniques. Although no large differences are found 
between augmented and non-augmented transplants in the ultimate strength and stiffness, 
most authors (McPherson et al. 1985; Yoshiya et al. 1986; McCarthy et al. 1991; Asashina et 
al. 1992) prefer augmentation. However, the only advantage is the better initial joint stability 
(McPherson et al, 1985; McCarthy et al. 1991). 
CHAPTER VII 
GENERAL DISCUSSION AND CONCLUSIONS 
The first 6 weeks appeared the most important period in the development of both transplants. 
This period is characterized by a progressive necrosis of the transplants (loss of fibroblasts 
and fiber désintégration), accompanied by ingrowth of fibroblasts and capillaries, both intra-
articularly and in the bone-tunnels. Mechanical forces appear to play a very important role in 
the remodelling process as can be derived from the formation of collagenous fibers, oriented 
in the stress direction. In comparison to the non-augmented transplants the remodelling 
process is less pronounced in the PDS-augmented transplants during the first 6 weeks. This is 
most likely due to the stress shielding effect exerted by the PDS-braid. In addition the PDS-
braid appears to form a mechanical barrier for the ingrowing fibrous tissue. The relatively 
aggressive synovial environment is probably the reason for the rapid biodégradation and for 
the related rapid decrease in tensile strength of the PDS-braid. The histological and 
mechanical data demonstrate a synchronized development of both PDS-augmented and non-
augmented transplants from 6 weeks on. No significant difference in tensile strength and 
other structural properties could be found from 6 weeks on. However, from a morphological 
point of view the PDS-augmented transplants can be assumed to be weaker then the non-
augmented transplants due to the retardation of the remodelling process caused by the stress 
shielding effect of the PDS-braid in the first 6 weeks. Support for this assumption can be 
derived from the failure mode. 
All augmented transplants failed interligamentarily while there were only two failures of the 
non-augmented transplants. The failure mode and the histological findings indicate that 
fixation of both transplants is gradually taken over by the newly formed "Sharpey-fibers" in 
the bone-tunnels which are oriented in the stress-direction from the tunnel-wall towards the 
remodelling transplants. By means of these "Sharpey-fibers" a direct transfer of load between 
remodelling transplant and bone is effectuated. Between 6 and 12 weeks no further 
mechanical influence of the PDS-braid exists. The time-lag in remodelling of the augmented 
transplants has been settled. Histologically only slight differences can be seen between both 
groups at 12 weeks. In the PDS-augmented group giant cells are still involved in the 
resorption of the PDS-fibers, while the fibrous tissue contains many inflammatory cells. 
Statistically, no differences are found between both groups with regard to the structural 
properties from 6 weeks on. However, all statistical results are strongly influenced by the 
magnitude of the groups (N=5) and the large standard deviations. In the transplant replacing 
tissue, all fibers and fibroblasts become arranged in the stress direction. Compared to the 
normal anterior cruciate ligament, the newly formed ligament contains more cells and 
capillaries. Between 12 and 24 weeks the ligaments reach mature conditions, showing 
collagen fibers with the characteristic regular crimp. A striking phenomenon, not described 
before, is the lack of a subdivision of the newly formed ligaments into small bundles, 
separated by connective tissue septa as found in the normal ligament. The blood supply of the 
reconstructed ligaments originates mainly from the synovial fold but also from the endosteal 
vessels of the bone-tunnels, which is differed from the original situation. 
The stress shielding effect observed during de first 6 weeks and resulting in a time-lag in the 
remodelling process of the augmented transplants is in agreement with other studies with 
non-resorbable materials (McPherson et al., 1985; Yoshiya et al., 1986; McCarthy et al., 
1991; Muneta et al., 1991). McCarthy et al. (1991) found a rebounding effect in tensile 
strength confirmed by histological findings after release of the augmentation at 6 months. 
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Only Muneta et al. (1991) found a higher ultimate tensile strength at 12 weeks for the 
augmented transplants. No differences between augmented and non-augmented transplants 
were found by McPherson et al. (1985) or McCarthy et al. (1991) after 12 months or Yoshiya 
et al. (1986) after 12 weeks. According to these authors, the remodelling process is only 
temporarily delayed by the stress shielding effect and the remodelling of the augmented 
transplants continues in the same way as in the поп-augmented transplants. This study shows 
that in spite of augmentation, the ultimate tensile strength after one year amounts to about 40-
50% of the normal anterior cruciate ligament. Comparable tensile strengths were already 
found in earlier studies without augmentation (Clancy et al., 1980; Cabaud et al., 1980; van 
Rens et al., 1986). Whether augmentation devices are resorbable or non-rcsorbable does not 
seem to influence the ultimate tensile strength of the newly formed ligaments. The only 
benefit appears from a better initial stability relative to non-augmented transplants. However 
in spite of a lesser initial stability, an improvement of joint stability is also seen during 
maturation of the non-augmented transplants when loaded under physiological condition in 
the course of time (McCarthy et al., 1991, 1992). When augmentation devices are placed 
under high load, particularly in the both-end fixation technique, there is a risk that during full 
extension too much load will be produced on the articular cartilage, which results in arthritic 
changes. McCarthy et al. (1992) found that assessment of knee anterior-posterior laxity in 
itself does not reflect the intraarticular changes which occur after anterior cruciate 
reconstruction. Progressive degenerative changes of the articular cartilage were seen in the 
course of time only with augmented reconstructions, whereas minimal degenerative changes 
were observed in the non-augmented transplants. 
It is to be expected that in the human situation a comparable course of events will appear 
after reconstruction of the anterior cruciate ligament with a PDS-augmented transplant. The 
only benefits are the initial stability and protection of the transplants for only a very short 
period of time and the non-debrimental effect on the synovium and cartilage in contrast to the 
non-resorble augmentation devices. The question arises whether the use of non-resorbable 
augmentation devices which provide stability over a longer period, but propably no stronger 
ligament after one year, will compensate the disadvantages like function impairment, chronic 
synovitis or a higher infection rate. All the complications mentioned can result in 
degenerative changes of the cartilage. Both animal experiments and clinical studies show that 
the non-resorbable augmentation devices and certainly the prostheses have still to be 
considered as a clinical investigational procedure, which should only be used in well 
documented clinical trials. Further research on resorbable materials is necessary with the aim 
to develop a biodegradable augmentation device giving a good stability of the knee over a 
longer period and a gradually loss of strength over a period of about 6 months. With such a 
device the load is gradually transferred to the transplant and the chance of failure in the 
postoperative phase during the revalidation period reduced. Summarizing, the following 
conclusions can be derived from this study. 
- During the first 6 weeks a time-lag in the remodelling process can be observed for the PDS-
augmented transplants caused by the stress shielding effect of the PDS-braid. 
- The histological and mechanical development of both PDS-augmented and non-augmented 
transplants synchronized from 6 weeks on. 
- The histological findings synchronized with the structural properties of the newly formed 
ligament. 
- It is to be expected that in the clinical situation the use of a PDS-braid as an augmentation 
device will not result in an ultimate better ligament. 
- Augmentation devices in general have still to be considered as a clinical investigational 
procedure and should only be used in well documented clinical trials. 
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SUMMARY 
This thesis reports on an experimental study in goats, where anterior cruciale ligament defects 
were created and reconstructed with PDS-augmented or non-augmented autogenous 
transplants. The development of both transtplants was followed histologically and biomecha-
nically over a period of 48 weeks. 
In Chapter I the anatomy, pathology and examination methods of the anterior cruciate 
ligament are described. Most patients appear to function quite well, depending on their 
activity level, when the anterior cruciate ligament is the only major structure damaged in the 
knee. If any of the secondary restraints are damaged at the same time, the resulting instability 
can be severe enough to cause a rapid deterioration of the knee function. 
Chapter II deals with the repair and reconstruction methods of the acute and chronic anterior 
cruciate ligament deficient knee. A review of the different operation techniques and materials 
used for reconstruction of the anterior cruciate ligament is given. Complications in anterior 
cruciate ligament reconstruction are discussed. The largest problem with the use of synthetic 
materials is still the chronic synovitis, caused by the released particles. The introduction of 
the "Knee Ligament Standard Evaluation Form" by the International Knee Documentation 
Committee (I.K.D.C.) is an important step forwards in the critical evaluation of the large 
variety of reconstruction methods. 
Chapter III gives a survey of the experimental studies performed in anterior cruciate 
ligament reconstruction. These studies show that the failure mode plays an important role in 
the final tensile strength and stiffness of the reconstruction. The ultimate tensile strength of 
the transplants varies between 40 and 50% of the original anterior cruciate ligament strength 
after about one year and synthetic ligaments give a better initial stability. 
Chapter IV deals with an experimental study of anterior cruciate ligament reconstruction in 
the goat. In addition to the surgical technique the PDS-augmentation device, the mechanical 
testing procedures and histological techniques applied are described. 
The histological observation of the PDS-augmented and non-augmented transplants are 
described in Chapter V. Anterior cruciate ligament reconstruction with PDS-augmented or 
non-augmented autogenous transplants results in complete remodelling of the transplant. The 
segmental events observed after transplantation of PDS-augmented transplants do not 
fundamentally differ from those of the non-augmented transplants, except for a delay in 
remodelling of the transplant and in the maturation of the fiber bundles, especially during the 
first 6 weeks. This is caused by the stress shielding effect of the PDS-braid, which results in a 
delay of fibroblast stimulation and maturation. The newly formed connective tissue gradually 
assumes the microscopic properties of the normal ligament with longitudinally oriented 
collagenous fibers showing the characteristic crimp pattern. The new ligament lacks the 
typical composition of small bundles. The interface between the new ligament and bone 
shows irregularly distributed "Sharpey fibers", running from the tunnel-wall into the new 
ligament. Vascularisation of the new ligament appears to occur from the synovial fold and the 
endosteal vessels of the bone tunnels. 
In Chapter VI the course of time of the structural properties of the PDS-augmented and non-
augmented transplants is described. At the time of implantation the PDS-augmented 
transplants appear stronger and stiffer than the non-augmented transplants. However, during 
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the first 6 weeks there is a rapid decrease in tensile strength of the PDS-augmented 
transplants, whereas tensile strength and stiffness of the non-augmented transplants gradually 
increases. From 12 weeks on no clear differences can be observed in the structural properties 
of both groups. At 48 weeks it appears that the PDS-augmented transplants are stronger than 
the non-augmented transplants, 55 versus 40% of the controls. However, this difference is not 
statistically significant. 
In Chapter VII the most prominent histological and mechanical findings are discussed and 
the conclusions presented. 
SAMENVATTING 
In dit proefschrift wordt een experimentele studie beschreven bij de geit, waarbij de voorste 
kruisband werd vervangen door een PDS-geaugmenteerd of een niet-gcaugmenteerd autoloog 
transplantaat. De ontwikkeling van beide transplantatcn werd gedurende een periode van 48 
weken gevolgd. 
In Hoofdstuk I worden de anatomie, pathologie en onderzoeksmethoden van de voorste 
kruisband beschreven. De meeste patiënten kunnen, afhankelijk van het activiteitsniveau, 
redelijk goed functioneren, wanneer alleen de voorste kruisband beschadigd is. Wanneer 
echter tegelijkertijd één van de secundaire stabilisatoren beschadigd is kan de hierdoor 
ontstane instabiliteit van een zodanige ernst zijn dat deze een snelle verslechtering van de 
kniefunctie kan veroorzaken. 
Hoofdstuk II handelt over het herstel en reconstructie van de acute en chronische voorste 
kruisbandinsufficiëntie. Er wordt een overzicht gegeven van de verschillende operatie-
technieken en materialen voor reconstructie van de voorste kruisband en van de mogelijke 
complicaties. Het grootste probleem bij het gebruik van synthetische materialen is de 
chronische synovitis veroorzaakt door de vrijgekomen partikels. De introductie van het 
"Knee Ligament Standard Evaluation Form", door de International Knee Documentation 
Committee (I.K.D.C.) maakt het mogelijk om de grote verscheidenheid aan reconstructieve 
methoden kritisch te evalueren. 
In Hoofdstuk III wordt een overzicht gegeven van de experimentele studies betreffende 
reconstructie van de voorste kruisband. Deze studies geven aanleiding lol de volgende 
conclusies: de bezwijkvorm speelt een belangrijke rol in de uiteindelijke treksterkte en stijf-
heid van de reconstructie. De uiteindelijke treksterkte van het transplantaat ligt na ongeveer 
een jaar tussen de 40 en 50% van die van de normale voorste kruisband. Synthetische 
ligamenten geven een betere aanvangsstabiliteit. 
In Hoofdstuk IV wordt een experimenteel onderzoek naar de reconstructie van de voorste 
kruisband bij de geit beschreven. Naast de chirurgische techniek wordt een beschrijving 
gegeven van het polymeer polydioxanone (PDS®) en de PDS-band, de mechanische test-
procedure en de histologische procedures. 
De histologische evaluatie wordt in Hoofdstuk V besproken. Voorste kruisbandreconstructie 
middels PDS-geaugmenteerde of niet-geaugmentcerdc autologe transplantatcn resulteert in 
een complete remodellering van het transplantaat. De ontwikkeling van PDS-geaugmcntcerde 
transplantaten verschilt niel fundamenteel van de niet-geaugmenteerde transplantaten, afge-
zien van een vertraging in de remodellering van het transplantaat, met name gedurende de 
eerste 6 weken. Dit wordt verondersteld het gevolg te zijn van het stress shielding effect van 
de PDS-band. Het nieuw gevormde bindweefsel neemt geleidelijk de structuur aan van een 
normaal ligament met in de lengterichting georiënteerde collagene vezels die uiteindelijk het 
karakteristieke regelmatige golfpatroon van het normale ligament vertonen, echter zonder de 
verdeling in afzonderlijke kleine bundels. In de interface tussen het nieuwe ligament en het 
bot zijn onregelmatig verdeelde "Sharpey fibers" aanwezig die de tunnelwand met het 
ligament verbinden. Vascularisatie van het nieuwe ligament vindt plaats via de synoviale 
plooi en de cndostale vaten in de bottunnels. 
In Hoofdstuk VI worden de mechanische eigenschappen van de PDS-geaugmenteerde en 
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niet-geaugmenteerde transplantaten beschreven. De PDS-geaugmenteerde transplantaten 
blijken meteen na de operatie sterker en stijver te zijn dan de niet-geaugmenteerde 
transplantaten. In de eerste 6 weken echter wordt een snelle afname in treksterkte gezien van 
de PDS-geaugmenteerde transplantaten, terwijl treksterkte en stijfheid van de niet-
geaugmenteerde transplantaten geleidelijk toenemen. Na 48 weken blijkt de treksterkte van 
de PDS-geaugmenteerde transplantaten 55% van de controlegroep te bedragen tegenover 
40% voor de niet-geaugmenteerde transplantaten. Dit verschil is echter statistisch niet 
significant. 
In Hoofdstuk VII worden de belangrijkste resultaten van de histologische en mechanische 
studies bediscussieerd gevolgd door hieruit voortvloeiende conclusies. 
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Appendix, table 1 
Table 1.1 a Maximum Force, Anterior Cruciate Ligament 
Author 
Noyes étal. (1976) 
Kennedy étal. (1976) 
Trent étal. (1976) 
Tremblcy et al. (1980) 
Older human (48-86 yrs) 
Younger human (16-26 yrs) 
Maximum Force (N) 
734 ±266 
1730 ±660 
482 ± 28 
633 
530 
Table Lib Linear Force, Anterior Cruciate Ligament 
Author 
Noyes étal. (1976) 
Kennedy étal. (1976) 
Trembley et al. (1980) 
Older human (48-86 yrs) 
Younger human (16-26 yrs) 
Linear Force (N) 
622 ±283 
1170 ±750 
402 ± 28 
470 
Table Lie Stiffness, Anterior Cruciate Ligament 
Author 
Noyes et al. (1976) 
Trent étal. (1976) 
Older human (48-86 yrs) 
Younger human (16-26 yrs) 
Stiffness (N/mm) 
129 ± 39 
182 ± 56 
141 
Table Lid Energy to Failure, Anterior Cruciate Ligament 
Author 
Noyes et al. (1976) Older human (48-86 yrs) 
Younger human (16-26 yrs) 
Energy to Failure (Nmm) 
4890 ±2360 
12800 ±5500 
99 
Appendix, table 2 
Review of the specimens used for mechanical and histological evaluation 
Specimen Time-period livaluation Transplant 
postoperative 
Synovium Arthnlic Stability Maximum 
changes force (N) 
Failure mode 
PH5IL 
PH53L 
H52L 
H63L 
PH61R 
PH50L 
H60R 
H49L 
PH53R 
PH62L 
H57R 
H63R 
PH16R 
PH52R 
H15R 
H51R 
PH14R 
PH7L 
H13R 
H2L 
PH2R 
PHI OR 
H7R 
H6R 
PHI IR 
PH37R 
H23L 
H36R 
PH22R 
PH24R 
H2IR 
H25R 
CH60L 
CH6IL 
PB56L 
PB64L 
PB10L 
PB19L 
PB16L 
B55L 
B15L 
B6L 
B20L 
B65L 
PB64R 
PB8I. 
PB73R 
PB22L 
PB47L 
B2IL 
B72R 
B65R 
BI2R 
B48L 
0 weeks 
" 
" 
1 week 
" 
" 
2 weeks 
·• 
" 
" 
4 weeks 
" 
6 weeks 
" 
" 
" 
12 weeks 
" 
" 
" 
24 weeks 
" 
48 weeks 
" 
" 
Control 
" 
0 weeks 
" 
" 
" 
" 
" 
" 
•* 
" 
2 weeks 
" 
" 
" 
" 
" 
" 
" 
" 
" 
histological 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0+ 
0+ 
0+ 
0+ 
00 
00 
00 
0+ 
00 
00 
0+ 
00 
mechanical 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
++ 
+ 
++ 
+ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
+ 
0 
0 
+ 
0 
0 
0 
0 
0 
+ 
0 
++ 
0 
0 
+ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
579N 
550N 
385N 
36 IN 
332N 
125N 
112N 
106N 
79N 
72N 
386N 
377N 
296N 
187N 
170N 
I62N 
158N 
130N 
124N 
I06N 
Screw Fixation (F) 
" 
" 
" 
" 
" 
" 
" 
» 
Inter! 
" (") 
" (") 
" (") 
" (") 
" (") 
" (") 
" (") 
" C') 
" (T) 
" (F) 
igamentary 
Screw Fixation (F) 
" 
" 
" 
" 
" (") 
" (") 
" (F) 
" (T) 
Interligamentary 
" 
" 
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Specimen 
PB68L 
P B 1 I L 
PB70I 
PB56R 
PB33L 
B 7 I L 
B 1 4 L 
B32L 
B 6 9 L 
B55R 
PB8R 
PB20R 
PU12L 
PB50R 
PBV7L 
B19R 
B23R 
B U L 
B49R 
B36I 
PB69R 
PB27L 
PB 171 
PB70R 
PB47R 
B 1 8 L 
B71R 
B68R 
B 2 6 L 
B48R 
P B I 7 R 
PB32R 
PB26R 
PB24L 
PB14R 
B18R 
B27R 
B11R 
вг-іь 
B31R 
CB90R 
СВ461, 
C B 1 4 L 
CB44L 
CB45L 
Г В 9 Ш 
C B 9 1 L 
CB91R 
C B 1 1 L 
C B 7 3 L 
Time-penod h valuation Transplant 
postoperative 
6 weeks 
" 
" 
" 
" 
" 
• 
" 
12 weeks 
' 
" 
" 
" 
2 4 weeks 
4 8 weeks 
• 
• 
• 
' 
" 
" 
• 
" 
" 
Control 
' 
" 
" 
" 
" 
" 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
00 
00 
00 
0+ 
0+ 
00 
00 
00 
00 
0+ 
00 
00 
00 
0++ 
0+ 
00 
ω 0++ 
00 
0+ 
00 
00 
00 
00 
0++ 
00 
00 
0+ 
00 
0++ 
• 
' 
• 
' 
' 
Synovium 
+ 
++ 
++ 
+ 
++ 
++ 
+ 
+ 
++ 
++ 
0 
0 
0 
+ 
+ 
0 
+ 
0 
+ 
+ 
0 
0 
0 
+ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
++ 
0 
0 
0 
+ 
+ 
Arthritic 
changes 
0 
0 
0 
0 
+ 
0 
0 
0 
+ 
+ 
0 
0 
0 
0 
+ 
0 
0 
0 
0 
+ 
0 
0 
+ 
+ 
0 
0 
+ 
++ 
0 
+ 
0 
0 
+ 
+ 
++ 
0 
0 
+ 
+ 
++ 
Stability 
0 
0 
0 
0 
+ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
+ 
0 
0 
0 
0 
+ 
0 
0 
0 
+ 
+ 
0 
0 
+ 
0 
0 
0 
0 
+ 
0 
++ 
0 
0 
+ 
0 
+ 
Maximum 
torce ( Ν ) 
Ι89Ν 
Ι69Ν 
1 ION 
115Ν 
91Ν 
2 0 2 Ν 
191Ν 
168Ν 
140Ν 
94Ν 
6 0 8 Ν 
4 2 2 Ν 
392Ν 
380Ν 
305Ν 
4 9 4 Ν 
4 5 3 Ν 
3 4 5 Ν 
2 Ι 9 Ν 
2 Ι 8 Ν 
68 IN 
•S99N 
4 9 7 N 
322N 
31 IN 
68 IN 
"¡SON 
4 7 7 N 
474N 
379N 
12"51 К 
1046N 
634N 
Í 6 1 N 
283N 
822N 
763N 
444N 
439N 
242N 
I883N 
I833N 
1618N 
1575N 
I451N 
I283N 
I078N 
1049N 
1040N 
915N 
Failure mode 
-
" 
• 
1 
" 
Bone tunnel (F) 
" " (T) 
" " C) 
Interligamentary 
·• 
Bone tunnel (T) 
Interi igamcntary 
1 
Bone tunnel (F) 
.. ,.
 (T) 
Interligamentary 
" 
Bone tunnel (T) 
Interligjmentary 
•• 
• 
Bone tunnel (F) 
Interligamenury 
Bone tunnel (T) 
Interligamcntary 
" 
1 
Bone tunnel (F) 
,
 (T) 
Interhgamentary 
" 
Bone tunnel (F) 
(T) 
Interligamenlory 
" 
Bone tunnel (F) 
Interligamentary 
Bone tunnel ( Г) 
Interhgamentary 
• 
" 
Bony avuUion (T) 
Interhgamentary 
1 
" 
Bony avulsion (F) 
Interhgamentary 
Bony avulsion (F) 
The condition of the transplants was scored according to the following criteria 0, presence of transplant, from 12 weeks or more, 
00 good resemblance, 0+, moderate resemblance. 0++, bad resemblance +++, no resemblance (resorption) The synovium was 
scored as 0 normal, +, nuld synovitis, ++, moderate synovitis, +++, severe synovitis The gross morphology of the joint (arthritic 
changes) was graded as 0, normal. +, mild degenerative changes of cartilage (weakening, erosions), ++, moderate degenerative 
changes of cartilage (erosions, marginal osleotytes), +++, severe degenerative changes (osteophytes, large areas of cartilage 
defects) The stability, checked according to the Lachman test, was graded as 0. normal stability, +. slight anterior displacement 
but displacement well checked by the transplant, ++, severe anterior displacement but displacement well checked by the transplant, 
+++, severe anterior displacement not checked by the transplant The following description of the failure mudes of the 
mechanically tested specimens was given interhgamentary screw fixation points (femur or tibia), bone tunnels (femur or tibia) 
and particularly for the control anterior cruciate ligaments, the bony avulsions (femur or tibia) 
В Biomechanical. С Control F Femur, H Histology, L Left, Ρ PDS, R Right. Τ Tibia 
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STELLINGEN 
behorende bij het proefschrift 
AUGMENTATION IN ANTERIOR CRUCIATE 
LIGAMENT RECONSTRUCTION 
W.H.J. Kok 
Nijmegen, 27 april 1993 
I 
De uiteindelijke treksterkte voor een voorste kruisband reconstructie bedraagt 
na ongeveer één jaar 40 - 50% van die van de normale voorste kruisband. 
Augmentatie heeft hierin geen verbetering gegeven. 
II 
Het nieuw gevormde ligament vertoont uiteindelijk hetzelfde karakteristieke 
regelmatige golfpatroon als de normale voorste kruisband, echter zonder de 
verdeling in afzonderlijke kleine bundels. 
III 
Voor het gebruik van alléén synthetisch materiaal (prothesen) ter vervanging 
van de insufficiënte voorste kruisband is heden ten dage geen plaats meer. 
IV 
De verwachting is dat in de toekomst ook geen plaats meer zal blijken te zijn 
voor de niet-resorbeerbare augmentatie ligamenten. 
V 
Het bot-patellapees-bot transplantaat ("gouden standaard") bij voorkeur 
arthroscopisch ingebracht, is nog steeds de eerste keus bij de reconstructie van de 
insufficiënte voorste kruisband. De nabehandeling dient hierbij functioneel te zijn. 
VI 
Indien bij een zuigeling sprake is van een persisterende abductie beperking van 
één of beide heupjes dient ondanks een normaal echografisch onderzoek bij 
3 maanden dit onderzoek na 2 maanden herhaald te worden, zonodig aangevuld 
middels een bekkenfoto, daar in een aantal gevallen alsnog van een 
heupdysplasie sprake zal blijken te zijn. 
VII 
Veel recente verworvenheden binnen de orthopaedische implantaat ont-
wikkeling hebben geleid tot vergroting van het probleem van de slijtage 
partikels. 
VIH 
De gamma grendelpen is de eerste keus bij de behandeling van de inter, per- en 
subtrochantere femurfrakturen bij de oudere patiënt. 
IX 
De bepalingen van de gangbare klinische immunologische parameters meer dan 
een halfjaar na een splenectomie zijn meestal ongestoord. 
X 
Binnen één ziekenhuisorganisatie dient de behandeling van de traumapatiënt 
volgens een vast protocol te geschieden, onafhankelijk van het specialisme 
waarvoor de patient opgenomen wordt. 
XI 
Het op televisie veel te rooskleurig voorstellen van vaak ingewikkelde medische 
handelingen zal het aantal klachten tegen specialisten doen toenemen. 
XII 
Het feit dat een groot aantal homeopathische geneesmiddelen geen 
(bij)werkingen hebben, heeft het voorschrijf gedrag van wel of niet 
homeopathische artsen sterk beïnvloed. 
XIII 
Medical shopping is een mode verschijnsel dat door de artsen mede 
onderhouden wordt. 
XIV 
Het geprotocolleerd kievitseieren zoeken geeft geen nadelige verstoring van de 
vogelstand. 
XV 
De tendens in de kledingbranche om steeds vroeger met seizoen gebonden 
aanbiedingen te komen, geeft hoop dat over enkele jaren in de winter weer 
winter en in de zomer weer zomerkleding gekocht kan worden. 



